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1 .  INTRODUCTION 
Piqeoripea (-nus - -- c a w  (L )  M i l  I . )  i s  orie o f  the  main g r a i n  
l c j ~ l n i c  crags o f  InJi , ) .  I t  i s  grown on 2.7 m i l l i o n  hec ta res ,  o r  1 1 %  o f  
tl l-. t o t a  1 cr op  . I ~ - L A  under p u l s e ,  ( 2 3 . 6  m i  l l i o n  hec ta res )  and the  g r a i n  
;:I-oduct o dt.cuunti lot 1.9 mi 1 l Ion tonnes o r  164 o f  t h e  t o t a l  p u l s e  
y rodu i :  I 1 1  of  12 .1  m i  1 1  i o n  tonrles ( ~ n o n ,  1980). I t s  u5e f o r  pod 
proclcic* i o n  i s  conf ir led a lmost  t o  I n d i a ,  b u t  i n  many t r o p i c a l  a rea o f  
t i 1 3  w o r  Id i r r s used a s  food f o ,  l i vcs tock .  
P i g e o r i ~ ~ c a  h<l(, a number o f  u s c f i ~ l  ~ h a r a c t c r i s t i c s ,  e s p e c i a l  l y  
t u l e r  aiice t o  d rough t  and low s o i l  f e r t i  l i t y  ( P a ~ h a k ,  IYJO), wh ich  
i n d i ~ d t z  t h a t  i t  may oert iaps Dc grown rnuci~ more w i d e l y  i n  t h e  semi -a r i d  
t ro l l  i L ( S A T ) .  P i  L,corlpca v r i  1 l yrow 11nder a w ide range o f  agronomic 
c o n d i t i o n s  where the  c l i m a t e  i s  f r o s t  f r e e  and t h e  s o i l 5  a r e  f r e e  f rom 
rratc-r lo9gir ig and h i g h  a c i d i t y ,  and i t  can be y r tmn on s o i l s  of marked ly  
d i f f e r e n t  t c  x t u r e s  ( ~ a t h a k ,  1170). 
i \ l t h o u g h  pigeonpea i s  o f  c o n ~ i d e ~ a b l e  importance as a source o f  
PI-ote i r i ,  i t  : s  a bupplenlentary f ood  g r a i n .  i t  i b  t h e r e f o r e  commonly 
grown i n  t h e  SAT sonewhat under neg lec ted  c o n d i t i o n s ,  f o r  example, as 
;In i l r t e r c r o p  w i t h i n  a main c e r e a l  c r o p  under r a i n f e d  c o n d i t i o n s  o f  low 
t e r t i l i t y  s o i l s .  I L  i s  p a r t i c u l a r l y  u s e f u l  f o r  l ow- inpu t  subs i s tence  
a g r i c u l t u r e  of the  bemi -+ r i d  t rc, ics 1 6 1  :rlat colr;~~oil ly Lhcre i s  l i t t l e  
requ i rement  f o r  f e r t i l i z e r .  Because i t  b i o l o g i c a l l y  f i x e s  a tmospher ic  
n i t r o g e n ,  t h e r e  i s  n o  need f o r  n i t r o g e n o u s  f e r t i l i z e r .  
The second ma jo r  n u t r i e n t  usua l  l y  needed f o r  c r o p s  i n  t h e  SAT 
i s  phospl iorus (Kanwar, 1976) wh ich  i s  usual  l y  i m p o r t a n t  f o r  t h e  legumes 
grown i n  temperate a y r  i c u l  t u r e .  Pigeonpea responds l e s s  t o  a p p l i e d  
phosphorus than c e r e a l s  such as mi l l e t  and soryhuni ( I C R I  SAT, 1980). The 
reasons a r e  noL known. However, piyeonpea i s  one o f  t h e  legumes t h a t  
d e v r l o p s  a deep tap r o o t  systerli ( ~ a t h a k  1970, J a i n  1979). As t h e  p l a n t  
qrows, p e n e t r a t i o n  of' r o o t s  deep i n l o  the  so i  1 Itlay t h e r e f o r e  a s s i s t  t h e  
- 
p l a n t  t o  o b t a i n  phosphorus f r o m  deeper s o i l  l a y e r s  by r o o t  i n t e r c e p t i o n ;  
i t ha5 heen p o s t u l  ~ t e d  t h a t  such a r r ~ c h a n i  sm niay be t h e  reason why p igeonpea 
r e q u i r e s  less  f e r t i l i z e r  phosphorus than c e r e a l s .  Another  reason may be 
t h a t  the  s u r f a c e  l a y e r  o f  t h e  s o i l  i n  t h e  SAT i s  d r y  q u i t e  f r e q u e n t l y  
d u r i n g  t h e  g row ing  season, o f t e n  due t o  t h e  e r r a t i c  n a t u r e  o f  t h e  r a i n f a l l ;  
i t  i s  a l s o  u s u a l l y  d r y  d u r i n g  the  p o s t r a i n y  season when long  d u r a t i o n  
p iyeoi lpea rnahes i t s  nmst r a p i d  g rowth  and h i g h e s t  demand f o r  phosphorus. 
For d i f f u s i o n  o f  P,  i v o i s t u r e  i s  i m p o r t a n t  (Heslep & B lack  1954). Under 
d r y  weather c o n d i t i o n s ,  t h c  d i f f u s i o n  o f  phosphorus i n  t h e  s u r f a c e  s o i l  
w i l l  be low. These c o n s i d e r a t i o n s  i n d i c a t e d  a need t o  s tudy  whether  
f e r t i l i z e r  phospho~.us m i g h t  be b e t t e r  u t i l i z e d  i f p l a c e d  a t  d e p t h  i n  t h e  
s o i  I ,  arid w h ~ t h e r  t h e  s o i l  n m i s t u r e  c o n t e n t  a t  t h e  d e p t h  o f  placement i s  
an i ~ ~ ~ p o r t a i l t  deterr l i i  n a t e  of pigeonpea y i e l d .  Exper i m e n t a t  i o n  Mas t h e r e f o r e  
conducted wi ti) two o b j e c t i v e s :  
i )  To i t u d y  t h e  e f f e c t  o f  placement o f  phosphorus a t  
d i f f e r e n t  dep ths  i n  t h e  s o i l  on g r a i n  y i e l d  and 
phosphorus up take  o f  p igeonpea. 
i i )  To t e s t  t h e  e f f e c t  o f  s o i l  m o i s t u r e  c o n t e n t  a t  t h e  
d e p t h  o f  p lacement  o f  phosphorus f e r t i l i z e r  on g r a i n  
y i e l d  and the  u p t a k e  o f  a p p l i e d  phosphorus. 
1 1 .  REVIEW OF LITERATURE 
I 1 . I . I r~lpor t_ap_c,e- o f  phosphorus t o  legumes 
Pllosphorus i s  one o f  the major f e r t i l i z e r  n u t r i e n t s  requ i red  f o r  
cro1)s i n  I nd ia ,  being second i n  importance t o  n i t r o g e n  ( ~ a n v ~ a r ,  1976). 
Studies on the e f f i c i e n c y  o f  phosphorus f e r t i l i z e r  m e r i t  cons iderab le  
s t t e n t i o ~ )  because a crop wi I I respond F u l l y  t o  dppl  i ed  n i t r o g e n  o n l y  i f  
thcre  i s  an adequa.te supply o f  phosphorus (8rady, 1974). Improved - 
c:ffi;icncy i~ the use u f  phosphorus f e r t i l i z e r s  i s  d e s i r a b l e  because 
cosis a r e  i nc rcds ing  as a r e s u l t  o f  i ~ t c r c a s i n g  t r a n s p o r t a t i o n  cos ts  
( F A l ,  19/91. 
Phosphorus i s  impor tdnt  f o r  p l a n t  growth,  because o f  i t s  
r o l e  i n  cr~zyitidt i c  r faactions espec ia l  l y  energy t r a n s f e r  mechanisms, 
1) l lo5pl i i~t -y lat ion,  c e l l  d i v i s i o n  and Lhe developnlent o f  mer isternat ic  
t i s s u e  (Russel, 1 9 7 3 ) .  Van Schreveri (1956)  emphasized the  need f o r  
adeclu,-l te  phosphorus n u t r i t i o n  f o r  legunx:s and o i  1 c rops  because these 
dre producing energy r i c h  compounds such as p r o t e i n  and o i l  ma te r i a l s .  
Frarico arld Av i l l o  (1976) have suggested t h a t  legumes may requ i  r e  more 
phosphorus than non-legumes because o f  h igher  requirements f o r  symbio t ic  
n i  11 o ~ e r ~  f i ~ a t i o n .  
11.2. -. E f f e c t  o f  phosphorus on the  g r a i n  y i e l d  o f  pigeonpea 
The importance of phosphat ic f c r t i  l i z e r  f o r  improving the  y i e l d  
o f  pu l se  c rops has been long recoynized.  Many r e p o r t s  have been pub l ished 
011 t h c  y i e l d  o f  pigeonpea i n  r e l a t i o n  t o  the  amount o f  phosphorus 
t e r t i l i r e r  d p p l i r d ;  l ess  a t t e n t i o n  has been g i ven  t o  the  importance o f  
t h t  type o f  s o i l  ,~nd the v a r i e t y  o f  tht: crop.  The a v a i l a b l e  l i t e r a t u r e  
i l os t  l y  r e p o r t s  s t u d i e s  o f  the  r a i n y  season ( k h a r i f )  crop.  A s u m a r y  
has been prepared of  the  pub l i shed  da ta  on the  e f f e c t  o f  P on g r a i n  y i e l d  
o f  piyeonpea, and the  maximum response obta ined (Table I ) ,  
The r a t e s  o f  a p p l i c a t i o n  o f  f e r t i l i z e r  phosphorus t h a t  have 
re6,ulLed i n  J s i g n i f i c a n t  response by pigeonpea va ry  cons ide rab l y ,  f rom 
- 
5.5 t o  LbO i.9 P/ti;l. The magnitude o f  response over the  c o n t r o l  y i e l d  
w ~ 3 s  u s u a l l y  l e ~ s  than 50% w i t h  o n l y  a few except ions  (Table 1). An 
80& incl-case i n  the  g r a i n  y i e l d  o f  piyeonpea r e s u l t e d  f rom an a p p l i c a t i o n  
o i  L ~ O  Ag P/ha (Ua la l  and Qui  It, 1977). Chowdhury and B h a t i a  (1971) 
obk,crvcd a 1146 y i e l d  increase w i t h  an a p p l i c a t i o n  o f  43.7 kg P/ha, and 
~3 26u.s i i~cr -ease i n  t he  y r a i n  y i e l d  was observed w i t h  an a p p l i c a t i o n  o f  
Ueeraswan~y e t  a l  ( 1 9 1 ~ )  ob ta ined  d b i c j n i f  i c a n t  response even 
--
w i t h  a smsl l r a t e  o f  f e r t i  l i z e r  phosphorus (9.8 kg P/ha) i n  t he  presence 
or basal  d ress ing  o f  5 tonnes o f  compost a p p l i e d  t o  pigeonpea on red 
l o a ~ l ~ y  s o i l , l o w  i n  f e r t i l i t y .  Experirr ier~ts conducted i n  t he  A l l  I n d i a  
Coordinated P r o j e c t  f o r  Dry land A g r i c u l t u r e  (AICRPDA, 1977) c l e a r l y  
showed t h d t  the  response tu the  r a t e  o f  P f e r t i l i z e r  a p p l i e d  was r e l a t e d  
t o  s o i l  pH; i n  s o i l s  o f  a c i d  r e a c t i o n  (pH 5)  the  response t o  13 kg P/ha 
was q u i t e  s i ~ n i f i c a n t  i n  the  presence of 1.25 tonnes o f  l ime  a p p l i e d  per 
hec tare ,  bu t  t he re  was no response when l ime  was n o t  app l i ed .  
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There a re  a number o f  r e p o r t s  wh ich  quote  a v a i l a b l e  P s t a t u s  
o f  t he  so i  l on which response exper iments were conducted. Lenka and 
Satpathy (1976) ob ta ined  a rnaxiii~uni g r a i n  y i e l d  increase w i t h  52.4 kg 
P/hd where the  s o i l  a v ~ i l a b l e  phosphorus was 13 kg P/ha. Rath i  e t  a l  
(1979) observed d niaxinlun~ g r a i n  y i e l d  w i t h  35 kg P/ha on a s o i l  wh ich  
had aq a v a i l a b l e  P con ten t  o f  12 kg/ha. Singh e t  a l  (1978) ob ta ined  
--
a nwxi~i lu~n increahe i r l  t he  g r a i n  y i e l d  o f  piyeonpea by the  a p p l i c a t i o n  
of 3 9 . 3  kg  P/ha where the  s o i l  a v a i l a b l e  P con ten t  was 18 kg P/ha. 
S i nc3 I? juperphos4hdte was t he  5ource o f  phosphorus f e r t  i l i zer  
a p p l i e d  t o  pigeonpea i n  most o f  t h e  exper iments reviewed. But  Da la l  and 
Q L I ~  l t (1977) used t r  i p l e  superphosphatc, a p p l i e d  a t  t he  r a t e  o f  250 kg 
P/t icr  to a loar i~ w h o ~ e  ava i  l a b l e  P conter i t  was 10 ppm. Andrews and 
t I d n , j u t  i (1976) r ~ p u r t e d  834 y i e l d  incre<>se over t he  c o n t r o l  when the 
f c r t i  l i r e r  uLed wds 400 kg rock  phosphate per hec tare .  I n  an i n t e r c r o p  
sy, ten), t he  1,igeonpea responded l esh  than sorghum t o  appl  i c a t  ions  o f  
super-phosptra te   rid r o c k  phosphate; The g r a i  n y i e l d  o f  sorghum (680 kg/ha 
i n  the c o n t r o l )  increased t o  1270 kg/ha when 160 kg P/ha was appl  i ed  as 
rock  phosphate, whereas pigeonpea g r a i n  y i e l d  ( c o n t r o l  620 kg/ha) 
increased t o  on ly  790 kg/ha wi t h  40 kg P/ha a p p l i e d  as rock  phosphate; 
w i t h  d higher- r a t e  o f  phosphorus app l i ed ,  pigeonpea y i e l d s  d i d  n o t  
incrcase (ILRISAT 1977). 
A l  I these resu l t s  have beer1 ob ta ined  from exper iments  conducted 
a t  d i f f e r e n t  p laces.  The response t o  t he  a p p l i e d  phosphorus depends upon 
p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  of a p a r t i c u l a r  s o i l ,  as w e l l  as 
the  v a r i e t y  grown and the  a g r o c l i m a t i c  c o n d i t i o n s  of t h e  area. There 
i s  s t i l l  i n s u f f i c i e n t  da ta  ava i  l a b l e  t o  be a b l e  t o  make a c c u r a t e  genera l  
r c c o i ~ ~ ~ ~ x . l i t i a t  i ons on the m o u n t  o f  f e r t i  1 i zer  r e q u i  red  f o r  v a r i o u s  so i  1 
i j p e s .  However, froin the surnnary irr Table I, the  rriaximum response has 
u s u a l l y  been ob ta ined  w i t h  an a p p l i c a t i o n  o f  12 t o  35 kg Plha. 
11.3. -- Placement o f  phosphorus 
S tud ies  on the  deep p lacemt l r~t  of phosphorus were made as e a r l y  
i ~ s  1900 by 14ye dnd Fos te r ,  who i n v e s t i g a t e d  the  r a t e  o f   phosphorus uptake by 
d i f f e r e n t  c rops  f ron i  sclos\)i I s  e s p e c i a l l y  those w i t h  low l e v e l s  o f  
- 
ava i  Ic~blc phosphorus. By us ing  phosphorus f e r t i  l i r e r  l a b e l l e d  w i t h  1132, 
hye diid F o ~ t e r  ( I  961) found t h a t  over 906 o f  the phosphorus was taken up 
froin the s u r f a c e  so i  1 (0-25 cm) by n ~ d i z e  dnd p i  yeonpea, and t h a t  a t  50 days 
a f t e r  g e r i l i n a t i o n ,  t h e  p l a n t  fed c l o s e r  t o  i t s  stem base than maize o r  m i l l e t .  
I n  the  iccorid year ,  they observed e x t r a c ~ i o n  o f  niore phosphorus f r o m  the  
subsoi l tha,i was recorded a t  a coniparable t ir ie i n  t h e  f i r s t  year ;  t h e  
l a y e r s  deeper than 0-25 cm c o n t r i b u t e d  1 I ( ,  o f  the phosphorus taken up a f t e r  80 
days a1 p l d n t  cjrowth, ~ n d  they c o n t r i b u t e d  1 2 4  d f t e r  n e a r l y  f o u r  months i n  the  
subsequerlt ye<lr.  The p l a n t s  were absorb ing  moat o f  t h e i r  phosphorus f rom 
the s u r f a c e  so i  I ;  one p o s s i b l e  c o n t r i b u t i n y  f a c t o r  was t h e  f a c t  :hat ws;ur 
not d l ihi t i n y  f d c t o r  i n  these s tud ies ,  and the  p l a n t s  d i d  n o t  need t o  
r o o t  deeply  f o r  wdter  supp l ies .  However Nye and Fos te r  concen t ra ted  mos t l y  
on the  uptake uf phosphorus d u r i n g  v e g e t a t i v e  y r o w t h  f r o m  d i f f e r e n t  s o i  1 
coi l ipart~nerl ts.  They d i d  n o t  i n v e s t i y d t e  the  uptake o f  phosphorus d u r i n g  
the  r e p r o d u c t i v e  citage o r  the  e f f e c t  o f  p laced  phosphorus on t h e  g r a i n  y i e l d  
of a p a r t i c u l a r  c rop  under s tudy.  
A number o f  researchers  have suygested t h a t  f e r t i l i z e r  phosphorus 
should bc p laced deeper i n t o  the  s o i l  f o r  b e t t e r  u t i l i z a t i o n  and a good 
respunhe by legumes. Chowdhury (1968) , S i  ngh (1973), and Yadav and 
Saxena (1975) s ~ ~ q g e s t e d  d r i l l i n g  o f  the phosphat ic  f e r t i l i z e r  i n t o  t h e  
s o i l  as deep as 15 crn f o r  b e t t e r  y i e l d s .  A l s o  exper iments a t  I . A . H . 1  
( I y j l )  showed t h a t  deep placer~lent  a t  20 crn depth  was super io r (2660 kg/ha) 
L O  broadcast  a p p l i c a t i o n  (2160 kg/ha).  Ahlawat e t  a l  (1975) conducted a 
--
d i t f e r e n t  type o f  exper iment by i n t r o d u c i n g  a s p l i t  a p p l i c a t i o n  o f  P a t  
d i f f e r e n t  deptb:, (15 cm and 30 cm) below the s o i l  sur face.  They repo r ted  
lndxi~r~u~l i  (and s i g n i f i c a n t )  increase i n  y i e l d  when h a l f  o f  t he  f e r t i l i z e r  
phcsphorus was a p p l i e d  a t  15 cm depth  and the  remain ing  h a l f  a t  30 cm 
depth. Only one r e s u l t  suggests t h a t  banding a t  depth  i s  n o t  b e n e f i c i a l  
(set Khan and Muthur, 1962) . 
Ever1 ~ h o u y t i  r e l a t i v e l y  l i t t l e  work has been done on the  benefit o f  
deep p l ~ c e m e r i t  o f  phosphorus f o r  b e t t e r  pigeonpea y i e l d s ,  t he  e x i s t i n g  
1 i t e r a t u r c  i n d i c a t e s  t h a t  !~;u-l l y  sorue i r ~ c r a a s e  i n  > j i c l i l  may be expected 
Frn111 deep p I a c e ~ l ~ n  t. However, ~IOI-c work i s  r e q u i r e d  t o  i n v e s t i g a t e  t he  
lne~han i sms respor~s  i b le .  
I . .  Phosphorus upt* 
P l a n t s  d i  Ffer i n  t h e i r  r a t e  o f  P uptake depending upon the  
a b i l i t y  o f  the p l a n t  t o  absorb P ,  and a v a i l a b i l i t y  o f  phosphorus i n  the  
s o i l .  The uptake o f  phosphorus by pigeonpea has been s tud ied  by a 
number O F  au tho rs ,  e s p e c i a l l y  w i t h  respec t  t o  t he  q u a n t i t y  of f e r t i l i z e r  
app l i ed ,  method o f  a p p l i c a t i o r i ,  and the  t ype  o f  f e r t i l i z e r .  Pandey 
e t  a l  (1971) s t u d i e d  the  comparat ive  uptake o f  phosphorus by v a r i o u s  
-- 
c rop  (? l a n t s ,  i n c l u d i n g  pigeonpea, by us ing  tile r a d i o a c t i v e  p32. They 
'found t h a t  the, r a t e  o f  P uptake and i n c o r p o r a t i o n  i n t o  t h e  leaves was 
a  maximum d u r i n g  t h e  e a r l y  s tages uf the  g r o w t h  f o r  a lmost  a l l  t h e  
types o f  p l a n t s  s t u d i e d  b u t  t h d t  the  i n c o r p o r a t i o n  o f  P i n t o  t h e  
le,~ves decreased w i t h  aye. Sheldrake and Narayanan (197 t )  i n v e s t i g a t e d  
t i l e  ab : jo rp t ion  o f  phosphorus by long d u r a t i o n  pigeonpea grown on 
V c r t i s o l s ,  and the d i h t r i b u t i o n  w i l h i t l  the p l a n t  a t  d i f f e r e n t  stages 
o f  g rowth .  They found t h a ~  the P c o n c e n t r a t i o t ~  i n  t h e  leaves,  p e t i o l e s  
. 
anu s te~ns dec l ined th roughout  t h e  growing season, a l  though t h e  uptake 
ot P by t h e  whole p l a n t  con t i nued  t o  i nc rease  u p t o  ha rves t .  The r a t e  
o t  P ctptakc bra5 I -eoorted t o  be rllsxiriluln a t  30-120 days a f t e r  sowing; 
the  ~ o t a l  uptahc o f  P by the  abovc ground p a r t s  o f  t h e  p l a n t s  was 5.6 
k(j/t1,3 a t  h a r v e s t  (160 days) .  Thc P c ~ n t e n t  o f  t h e  mature  leaves was 
repot t c d  t o  be 0.3, . These auLt1ors o b t a ~ n e d  s i m i  l a r  r e s u l t s  a g a i n  i n  
lY,'9. 
The up takc  of p l~ospt io rus  i r ~ c r f s ~ ~ s e s  w i  t h rnc app l  i c a t i o n  o f  
phos? l~o rus  ( ~ i r r ~ h  ,jnd Prasad, 1976; Ramdnath 51, 1977; D a l a l  and 
Qui 1 t ,  1977). S i r ~ g h  and Prasad found t h a t  a t  30 and 60 days a f t e r  
~c-cc l i l lg ,  t i i c  u p t ~ k c  of phosphorus was n o t  ~ i ~ n i  f i c a n t l y  i n f l u e n c e d  by 
<he v ; t r i o u ~  r a t e s  of phosphorus app l  i ed .  But ,  a t  YO days, the  up take  
w ~ h  s ~ g n i f i c a n t l y  i n f l uenced  by the  r a t e s  o f  phosphorus app l i ed .  The 
111~3 in  uptake o f  P by pigeunpea was between 90 days and 160 days. The 
t o t a l  up tdke was 16 kg P/ha a t  t h e  t ime o f  h a r v e s t  f o r  a  r a t e  of 
f e r t i l i z e r  P , ~ p p l i c a t i o n  o f  43.7 kg P/ha. 
11.5. S o i l  mo is tu re  regime and p h o s p h o ~  
i l o i s t u r c  p lays  a  major  r o l e  i n  the  movement of n u t r i e n t s  t o  t he  
r o o t  su r face  f rom the so i  I. Barber (1962) has descr ibed the  two major  
rn?chanisn~s o f  i on  t r a n s p o r t  i n  the  s o i l :  massflow and d i f f u s i o n .  I n  
most s o i l s ,  the  c o n c e n t r a t i o n  of phosphorus i n  t h e  s o i l  s o l u t i o n  i s  
very  low; t h e r e f o r e  mass f l o w  riukes o n l y  a  minor c o n t r i b u t i o n  t o  the 
n u t r i t i o n  of the  p l a n l ,  and d i f f u s i o n  i s  t he  major  mechanism r e s p o n s i b l e  
- 
f o r  P t r a n s p a r t  t o  the p l a n t  roo ts .  
P; iospl~orus d i f ' f ~ s i o i i  i n  t hc  so i  1 i s  dependent on the  c o n c e n t r a t i o n  
g r a d i e n t  and s o i l  n lo is ture  co l i t cn t  (Heslep and Black,  1954; F r i e d  and 
Sbapiro,  1960; Olsen -- e t  a l  1962). S o i l  water  s t a t u s  t h e r e f o r e  p l a y s  
an impor tdnt  r o l e  i n  P up take by p l a n t s .  The reason f o r  t h e  low 
c o n c e n t r a t i o n  o f  phosphorus ions i n  the  s o i l  s o l u t i o n  i s  t h a t  the  s o l u b l e  
F e i - t i l i z e r  e.9. s i r ~ g l e  superphosphate, r a p i d l y  boses i t s  s o l u b i l i t y  when 
added  t o  t he  so i  I, because i t  r e v e r t s  t o  a  l e s s  s o l u b l e  form. Heslep 
a n d  Black  (1954) and Webb -- e t  a l  ( l y b l )  oLservcd increased P d i f f u s i o n  
w i t h  an increasc  i n  t hc  amount o f  P i n  the wa te rso lub le  form. 
A l thouyh i t  i s  w e l l  known t h a t  an adequate l e v e l  o f  s o l 1  
mo is tu re  i s  necessary f o r  optimum ava i  l a b i  1 i t y  o f  P i n  t he  s o i l ,  t he re  
is l i t t l e  d e t a i l e d  i n fo rma t ion  on the e f f e c t  o f  s o i l  mo is tu re  s t a t u s  on 
P uptake by pigeonpea. l n  p a r t i c u l a r ,  t h e r e  i s  no da ta  on phosphorus x 
water x dep th  o f  placement i n t e r a c t i o n s .  The few l i m i t e d  r e p o r t s  t h a t  
a re  a v a i l a b l e  d e s c r i b e  the  e f f e c t  of P f e r t i l i z e r  on water use e f f i c i e n c y  
o r  the e f f e c t  o f  i r r i g a t i o n  on response of pigeonpea t o  phosphorus. 
A n ~ n  ( 1 9 j i l )  and Venkatrdtnam and Green (1979)  r e p o r t e d  t h a t  t h e r e  was 
3n over211 1 2 '  i n c r e a s e  i n  seed y i e l d  o f  p iyeonpea w i t h  i r r i g a t i o n  i n  b o t h  
t h c  v e y c  t a t  i vt. and r -eproduc t i ve  s t a g e .  Hegde and Sara f  (1979b) r e p o r t e d  
t h d t  . : l -~o~pho~-us a p p l  i  at i on inc reased  the consurnpt i ve use o f  w a t e r  and 
w a t e r  u i e  ef f iciency, b u t  the  i n t e r a c t i o n  between i r r i g a t i o n  and phosphorus 
l e \ l e l s  i ~ a s  no!. s i g n i f i c a n t  f o r  g r a i n  y i e l d  or  p l a n t  c h a r a c t e r i s t i c s .  
1 1 1 .  FIELD EXPERINENT 
A f i e l d  experiment t o  exaniinc the e f f e c t  o f  d i f f e r e n t  mois ture  
reyinie and depth o f  placentent o f  phosphat ic f e r t i l i z e r  on the phosphorus 
n u t r i t i o n  of pigeonpea was c a r r i e d  out  a t  the I n t e r n a t i o n a l  Crops 
Research l n s t i  t u t e  f o r  the Semi-Arid Trop ics  (ICRISAT) , Patancheru 
(near Hyderabad), du r i ng  1979-'80. Tb is  experiment was conducted i n  the 
pus t - ra iny  season on F i e l d  No. RA2, which i s  o f  p a r t i c u l a r l y  low 
f e r t i l i t y  s ta tus .  Surface s o i l  c o l l e c t e d  from t h i s  s i t e  was used f o r  - 
a subsequent p o t  experiment i n  the y lasshouse (See Sect ion  I V ) .  
k survey o f  the low f e r t i l i t y  s o i l s  a t  ICRISAT, conducted by 
Drs. T.J. Rego anJ K.L. ~ ~ h r a w a t *  has sllown t h a t  the sur face s o i l  
(0-10 cm depth) i n  t h i s  f i e l d  conta ins  the  lowest amount o f  a v a i l a b l e  
P o f  ;cny f i e l d  a t  ICRISAT Center. The phys i ca l  and chemical 
c h - ~ r a i t e r i s t i c s  of the s o i l  a re  g iven i n  Table 2. 
1 1 1 . 1 .  Mater . ia ls  and Methods. 
The rl~a jo l -  corilpar i s ions t o  bc made were the response o f  P 
f e r t i l i z e r  p laced a t  a convent iona l  sha l low depth i n  the  s o i l  p r o f i l e  
w i t h  t h a t  when P f e r t i l i z e r  was placed deep ( 3 ~  cm), and the e f f e c t s  o f  
con t ras t i r l g  ~ n o i s t u r e  r e l a t i o n s  a t  the  s i t e  of F e r t i l i z e r  placement a t  
these two depths. Because i t  was n o t  p r a c t i c a b l e  t o  p lace  f e r t i l i z e r  
i n  bands a t  the  30 cm depth,  i t  was decided t o  p lace phosphorus 
f e r t i l i z e r  a t  30 cm by bo r i ng  ho les  t o  t h i s  depth on a g r i d  (30 cm x 30 an) 
and p l a c i n g  the f e r t i l i z e r  a t  the bottoms o f  these holes. Th is  
V e r s o n a l  Comrnuni c a t  ion  by T.J. Rego and K.L. Sahrawat, FSRP, ICRISAT. 
Tab le  2. The p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  o f  t h e  s o i l  (0-30 cm) 
d t  t h e  e x p e r i n ~ e n t a l  s i t e  i n  RA 2. 
pH i n  I:L.:, 5oi l : w a t e r  
E . C . ,  1 :2 .5 5 o i  1 : w a t e r  
Sand ( 7 )  
s i l t  (0 
C l a y  ( 1 
O r  q a n i c  carbon(;) 
Ava i l a b l e  n i  t r o y e n  (ppni) 
T o t a  1 N i t r o g e n  (ppri,) 
Avd i l a b  l e  p h o ~ p h o r u s  (ppm) 
txchan t jed l  1 e p o t a b s  i urn ( p p n ~ )  
C a t i o n  c x c h a i ~ c ~ e  capac i t y  ( i~ iec~ /  1009 o f  s o i  I )  
p1,lccment i s  t e r l ~ ~ c d  "spot placement". To p r o v i d e  a check on t h e  e f f e c t s  
of ' t h i s  type of placement on P n u t r i t i o n ,  spot  placement was compared 
w i t h  banding a t  5 cm depth.  The e f f e c t  of  mo is tu re  regime i n  t h e  
rune of f e r t i l i z e r  placement was examined by us ing  t reatments  t h a t  
i r ~ v o l v e d  weekly a d d i t i o n  o f  water t o  the zones. 
1 1 I . 1 . 1 .  Treatments- 
A) No phosphorus + su r face  water a p p l i c a t i o n  
U) No phosphorus + s u b s o i l  (30-cm depth) water appl  i c a t i o n  
C) LO Kg F/ha, band placement a t  5 cm dep th  + sur face 
water a p p l i c a t i o n .  
D) 20 Kg PP/a band placement a t  5 cm dep th  + subsoi  l water 
a p p l i c a t i o n .  
€1 20 Kg P/ha spot  placement a t  S cm dep th  + sur face water 
a p p l i c a t i o n .  
F )  20 Kg ?/ha spot placement a t  5 cm depth  + s u b s o i l  water 
app l  i c a t i o n .  
G )  20 Kg P/ha spot placement a t  3Q cm depth + sur face water 
a p p l i c a t i o n .  
H) 20 Kg P/ha spot  placement a t  30 cm depth  + subsoi  1 water 
appl  i c a t i o n .  
111.1.2. Exper imental  des ign  and l a y o u t  
The e i g h t  t reatments  were arranged i n  a randomized b l o c k  des ign 
w i t h  f ~ c i r  rep1 i c a t  i.ons. Each p l o t  was 4 m x 2.4 rn i n  area and t h e  
r e p l i c a t i o n s w e r e  separated by pathways (see F i g u r e  I )  i n  wh ich 
piyeonpea was p l a n t e d  i n  a s i m i l a r  f ash ion  t o  t h a t  on t h e  p l o t s ;  t h i s  
was done t o  m in im ize  edge e f f e c t s .  
F i g u r e  1 .  F i e l d  Layout. 
8 8 ,  
'1 .= NO pho:;phorus + sur fdce  water app l i ca t i on  
'"2 := No phosphorus + s u b s u r ~ a c c  water  app l i ca t i on  
T3 z 20 K ( j  I'/ha l ~ l a c e d  a t  5 cm depth as band .t. sur face  
w r i t ( 2 r  c i p i ~ l i ~ a t i ~ ~ ~ .  
'4 = 20 Kq i'/ha placed a t  5 cm dep th  as  band + stlbsur5ace 
wdtcr appl ica t ion .  
'1' 5 - 2 0  K ~ J  l'/h'i a t  5 cm d e p t h  a:; :;pot pldcement t su r f ace  
watcr  a p ~ ~ l i c a t i o n .  
1' 6 = 2 0  Kg Pflia d t  5 cm depth a s  spot  placement t subsurface 
water  appl loa t ion .  
T7 = 20 Kg P/ha a t  30cm depth a s  spo t  placement + su r f ace  
water app l i ca t i on .  
'T 
8 = 20 Kg P/ha a t  30 cm depth a s  spot  placement + subsurface 
water  app l i ca t i on .  
111.1.3. Land p r e p a r a t i o n ,  sowing and c r o p  manaqement 
The land was ploughed w i t h  a  t r a c t o r  and shaped i n t o  a  r i d g e -  
and- fur row system o f  60 cm amp l i t ude  on 1 4 t h  November 1979. On t h e  
t c ~ l l o w i n g  day, pigeonpea ( C - 1 1 ,  a medium-durat ion v a r i e t y )  was sown 
'3s ;l l o t e  r a b i  p l a n t i n g .  The seed bras t r e a t e d  w i t h  Rhizobium c u l t u r e  
p r o v i d e d  by the  p u l s e  m i c r o b i o l o q y  sub-program a t  ICRISAT. 
The sowing p a t t e r n  was des igned so  t h a t  t he  even tua l  p igeonpea 
- 
c rop  consisted o f  rows 30 cm a p d r t  w i t h  t h e  rows be ing  l o c a t e d  15 cm 
f r o a ~  t h e  peak O F  a r i d g e .  That  i s ,  t h e r e  were 2 rows on each r i d g e .  
P l a n t s  were l o c a t e d  10 ccn a p a r t  i n  t he  rows. T h i s  p a t t e r n  was ach ieved 
by sowing a t  t w i c e  (56.6 kg/ha) t h e  normal seed r a t e  (28.3 kg/ha) f o r  
3 r<.Ibi p l a n t i n g ,  and l a t e r  t h i n n i n g  the  p o p u l a t i o n  t o  a  10-cm i n t e r -  
:) lLlr?t J i s t a i i c e  w i t h i n  a  row. Th i r~ r r i ng  was completed on 7 t h  December 
1979. 
1 1 1 .  I . I ! .  F e r t i  1 i z e r  s p p l  i c a t i o ~ i  techn ique 
Hole5 of 30 cni depth  were bored a t  30 cm i n t e r v a l s  a long  t h e  
p c a k  o f  t h f ~  r i d g e s  i n  a l l  p l o t s ,  on 2 9 t h  November 1979, t o  a l l o w  f o r  
f e r l i l i z e t -  a p p l i c a t i o n  a t  t h a t  depth  and water  a p p l i c a t i o n  ( d u r i n g  t h e  
c rop  grurr t l t )  i n  those t rea tmen ts  t h a t  r e q u i r e d  them. For making t h e  
h o l e s  a Vchrmeyer s o i l  sampl ing tube o f  I&"  o u t s i d e  d iameter  was used. 
The upper p o r t i o n  of each h o l e  was p \ugged w i t h  a  p i e c e  o f  bamboo t o  
p r e v e n t  the  s i d e s  o f  t he  h o l e s  f rom c o l l a p s i n g  a f t e r  a p p l i c a t i o n  o f  
f e r t i l i z e r  and water.  Phosphate f e r t i l i z e r  i n  t h e  fo rm o f  sodium 
d ihydrogen phosphate ( A n a l y t i c a l  Reagent Grade) was a p p l i e d  a t  t h e  r a t e  
o f  20 kg  P/ha t o  t r ea tmen ts  C t o  ti. F e r t i l i z e r  was a p p l i e d  on 8 t h  
>'c 
See appendi x 1 f o r  wea t n e r  da'ta. 
C)ecem~ibcr ly / ' J ;  thc q u a n t i t y  a p p l i e d  pc r  p l o t  was 96.7 g. Th is  method 
of a p p l i c a t i o n  was: 
i )  Band placement a t  5-c1il depth: A un i f o r l n  f u r row  was opened a t  
5 cm depth between the two ho les  on the  r i dge ,  w i t h o u t  
d i s t u r b i n g  the  holes;  f e r t i l i r e r  P was a p p l i e d  i n  the  
fu r row,  then the  fu r row  was closed. 
i i )  Spot placement a t  5-cm depth: One h o l e  o f  5-crn depth  was 
- 
riiade hal fway between deep ho les  along the  r i d g e ;  f e r t i l i z e r  
P was a p p l i e d  u n i f o r m l y  i t 1  a l l  spots, which were then covered 
w i t h  so i  1 .  
i i i )  Spot placement a t  30 cm depth: For t h i s  purpose, t he  ho les  
a l r cady  bored up to  30 cln dcpth  were used. F e r t i l i z e r  P was 
~ ~ l ~ p l i c d  n  Lhe b o l u t i o n  formn by d i s s o l v i n g  96.7 g o f  sodium 
c l ~ l ~ y d r o g e n  phosphate i n  w'lttlr t o  r e s u l t  i n  1040 ml o f  s o l u t i o n ,  
and 20 n i l  o f  the s o l u t i o n  was dppl i ed  t o  the  bot tom o f  each 
ho le  w i t h  the a i d  o f  a lorig-stemmed funne l .  A q u a n t i t y  o f  
water ,equal  t o  the s o l u t i o n  a p p l i e d  t o  the phosphorus 
t reatment (30 cm depth), was added t o  a l  l o the r  ho les  t o  
compensate the e f f e c t  o f  water added t o  app ly  P i n  t he  
s o l u t i o n .  The top  o f  each bamboo tube was covered w i t h  a 
p iece o f  po ly thene sheet, and secured i n  p lace  w i t h  a rubber 
1 1  1.1.5. Water a p p l i c a t i o n  
Mois ture  t rea tments  were imposed imnlediately a f t e r  f e r t i l i z e r  
a p p l i c a t i o n .  Water (100 m l )  was added t o  the bottom o f  the  ho les  on t.he 
appr-opr ic l tc  p l o t s  f o r  t he  s u b s o i l  water  a p p l i c a t i o n  t rea tmen ts  
(B,D,F, and H ) .  For the su r tace  water  dpp l  i c a t i o n  t rea tmen ts ,  t he  
:,ariic amount o f  water  was a p p l i e d  t o  the  su r face  o f  t h e  s o i  1 i m n e d i a t e l y  
above the  s i t e  o f  the a p p l i c a t i o n  o f  f e r t i l i z e r  a t  the  5 cm depth. 
Tliese watcr  a p p l i c a t i o n s  werc con t i nued  a t  weekly i n t e r v a l s  t i l l  the  
pods had riiatured. 
The above water a p p l i c a t i o n s  were made a t  weekly i n t e r v a l s ,  as 
t r ~ a  L I I I ~ I I ~ ~ .  B u t ,  a p d r t  f ron i  t l l c ~ e ,  i t was necessary t o  g i v e  a  general-  
i r r i g a t i o n  t o  the  whole expe r imen ta l  area on two occasions,  because 
pl ; lnts w i l t e d .  Two l i g h t  ( 3 . 2  cri~) f u r row  i r r i g a t i o n s  (on 1 8 t h  Jan and 
18 Feb) we1 e  t t~e t -evo re  tilade Lo the  whole exper imenta l  area. 
111.1.6. P l a n t  sampl ing and f i n a l  ha rves t  
Harvests  werc made on two occasions.  The f i r s t ,  60 days a f t e r  
c~iwtrgence,was made by c u t t i n g  a one meter l e n g t h  o f  row f rom each p l o t  . 
T l i ~ :  I cavc5 and stenis were separated, d r i e d  a t  60°c, weighed, then ground 
t o r  c h c ~ i ~ i c a l  an '~ l yh i s .  
The c rop  was harves ted a t  m a t u r i t y  on March 26, 1980 by c u t t i n g  
an drea of' 1.2 x  3 m on each p l o t .  The g r a i n ,  leaves, stems and pods 
were sepdrated p r i o r  t o  d r y i n g  and we igh ing.  Pods were i nc luded  w i t h  
sterns f o r  convenience. 
111.1.7.  Labora tory  methods f o r  a n a l y s i s  o f  s o i l  and p l a n t  t i s s u e  
The so i  1 over t h e  expe r imen ta l  a rea was sampled by t a k i n g  25 
random co res  f rom a dep th  o f  0-30 cm, and compos i t ing  these i n t o  one 
sa~nple. T h i s  b u l k  sample was a i r d r i e d ,  and ground t o  pass a 2 mm 
s i c v e  b e f o r e  a n a l y s i s .  There were no s tones o r  g r a v e l .  
S o i l  pH o f  a  s o i l  suspension i n  water was measured us ing  a  g lass  
e l e c t r o d e  pH ~ l ~ e t e r  ( E L I C O  re ference e l e c t r o d e ) .  S a l t  con ten t  o f  the s o i l  
wi i ter suspension was measured by using e l e c t r i c a l  c o n d u c t i v i t y  br idge.  
F.,r bo th  nleasurellicnts a  s o i l  : water r a t i o  o f  1:2.5 was used (Jackson, 
196/) .  
Organic carbon was determined by Walkley and Dlack method as 
de5cr i  bed by A l l  i 5on (1965) and c a t i o n  exchange capac i t y  was determined 
by thc  \odium ace ta te  (pH 8 . 2 )  method o u t l i n e d  by Jackson (1967). - 
txchangcable potass i um was determi ned by atomic abso rp t i on  spect ro-  
pliotoilieter a f t e r  c x t r d c t i o n  w i t h  1 3 r l eu t ra l  anrnonium a c e t a t e  s o l u t i o n .  
tZvdi 1,lblc 1 1 i  t rogen and phosphorus were determined by t h e  a l k a l  i n e  
~xr rn ,~n '~ ,mate  ~ \~c t I ioc i  ou t1  ined by Subbiah and Asi j a  (1956) and by the 
soclium t,icarbonate rilcthod as desc r i  bcd by Olsen and Dean (1965), 
r c h p ~ > c t  i  el y. 
T o t a l  n i t r o g e n  was determined by the r i i ~ d i f i e d  K je ldah l  method 
o u t l i n c d  by Jackson (1967). The p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  the  s o i l  
wa5 ~tic,~bured us ing  tile i iydrometer lildtOOd (L)ify 1 9 ~ ~ ) .  
P l a n t  t is51:e saniples were arialysed f rom a l l  the p l o t s  a t  60 days 
and a t  harves t  a f t e r  separa t iny  leaves and stems. The samples were d r i e d  
a t  GO'C,  ground and analysed f o r  t o t a l  N and P. Sub-samples were d iges ted 
0 
w i t h  s u l p h u r i c  a c i d  c o n t a i n i n g  0.5% selenium a t  a  temperature o f  360 C 
f o r  1 h r  and 15 minutes. T o t a l  n i t r o g e n  and phosphorus were es t imated 
c o l o r i n i e t r  i c a l  l y  by us ing  the "Technicon" Auto-analyser [ 1. Ni t rogen  
irl t l ic  J i y e s t s  was esti inated by thc indophenol  hlue method i n  
al lcal  i ne n l e J i  ur11 and phosphorus was e s t  inla ted by vanadornol ybdo phosphoric 
y e  l l o w  co lo r~ t -  ~ ~ ~ c t h o d  i n  a c i d  medi unl ( l n d u s t r  i a l  method No. 218-72, 
Technicon A i l  todna l y5c1-  Manual, 19 /2  ) . 
1 1  1.2. R e s u l t s  
1 1 1 . 1 .  I . E f f e c t  o f  P f e r t i l i z e r  on y i e l d  o f  p igeonpea 
Placcnlent o f  phosphorus f e r t i l i z e r  a t  t h e  30 cm d e p t h  caused an 
i n c r e d 5 e  i n  t h e  mean g r a i n  y i e l d  o f  p igeonpea abou t  104 o v e r  p lacement  
of  phosphorus a t  b h a l  low d e p t h  (Tab le  3a) .  There was no d i f f e r e n c e  i n  
y  i c l d  betwecn t h e  c o n t r o l  and t h e  treatments i i l v o i v i  n, ~ l i o s , ~ h o r u s  
p l a c e d  a t  sha l  low depth.  A s in l i  l a r  response t o  phosphorus p lacement  a t  
t i le  jO-cr11 dt2pt t l  ' r ib ,>  observed ill t i le  t o t a l  d r y  111atter p r o d u c t i o n  a t  t h e  
t ime o f  h a r v c s t  ( T a b l e  3 ~ ) .  I n  corrl r . 1 5 ~  t l ier  was n o  s i g n i f i c a n t  
d l  f t o r c r i c e  111 the  d r y  m a t t e r  p r o d u c t i o n  a t  60 days a f t e r  erneryence. 
Ptro5liIio1 us p l a c e d  ,~t  the  30 crn d e p t h  caused an i n c r e a s e  i n  g r o w t h  a f t e r  
6 0  days,  bu t  s h c ~ l l o w  p lacement  d i d  n o t  a f f e c t  g r o w t h  i n  e i t h e r  t h e  e a r l y  
01 I JLV s t a g e s .  
I l l . ' . ? .  t f f c c t  o f  wa te r  a d d i t i o n  and p lacement  o f  phosphorus on  
yr-,]in y i v l c l  and d r y  l n a l t e r  p r o d u c t i o n .  
The r c s i l l t s  i n  Tab le  5 bhuw t h a t  t h e r e  was n o  s i g n i f i c a n t  
Ll lne f  i c  i a l  e f f e c t  o f  r i~o i  s t e n  i n g  t h e  zone o f  phosphorus p lacement  on e i t h e r  
9 4 1 1 1  y i e l d  or  d r y  m a t t e r  p r o d u c t i o n .  The i n t e r a c t i o n  between p lacement  
anL t e r t i l i z a t i o n  was s i g n i f i c a n t  f o r  g r a i n  y i e l d  (Table 3 a)  b u t  t h i s  
r e ~ u l t e d  f r o m  an i n c r e a s e  i n  t h e  y i e l d  on t h e  c o n t r o l  p l o t  when w a t e r  
w a ~  > I O : , ~  a t  j O  cm depth;  t h i s  t h e r e f o r e  r e s u l t e d  i n  a l e s s e r  response t o  
P a p p l i e d  a t  a d e p t h  o f  30 cm. N e v e r t h e l e s s ,  t h e  y i e l d s  on b o t h  t r e a t m e n t s  
r e c e i v i n g  phosphorus p l a c e d  a t  30 CIII were n o t  s i g n i f i c a n t l y  a f f e c t e d  by 
the  d e p t h  a t  w h i c h  m o i s t u r e  was a p p l i e d .  
T a h l e 3 .  E f f e c t  o f  P f e r t i l i z a t i o n ,  ~ > n d c i o i ~ t c n i i ( 1  t h e z o n e o f  P 
, f e r t i  l i z a t i o n ,  on piqeonpea growth;  
a )  Gra in  y i e l d  
h) To ta l  d r y  m a t t e r  a t  60 days 
r )  T o t a l  d r y  ~ i i a t t c r  a t  ha rves t  
-. 
P f e r t i l i z a t i o n  
- -- 
Depth NJ P - 20 Kg P/ha 
rvatcr a11i)l i c d  Depth and mcttiod o f  )lacement LSD 
addcd ( c o n t r o l )  MEAN MaIn e f f e c t  Shal low- Detp 30 cm (P=0.05) 
Band Snot Spot 
' ' ~ c ~ , t  1 1  w i l t e r  ad t l i  t i r ~ n  : S = shal 1oi.i ( 5  cri~) ; D = decp (30 cm) 
'LSD ( o r  i ta in  i e f f e c i - s  \ ~ . 3 t c r  a d d i t i o n  
4 t- L S D  I'or Main e i ' t ' e c l  P F e r t i l i z a t i o n  
'LSD i n t e r a c t  i n n  
Table 5. Ef fec t  o f  P f e r t i l i z a t i o n ,  and moistening t h e  zone o f  P 
I f e r t i l  i z a  on, on phoephorus con ten t  o f  pigeonpea 
a)  Phosphorus content  o f  l e a f  a t  60 days 
b) Phosphorus content  o f  stem a t  60 days 
c )  Phosphorus content  o f  l e a f  a t  ha rves t  
d )  Phosphorus content  o f  stem a t  harvest  
-- 
P f e r t i l i z a t i o n  
- 
. ' ' ~ e ~ t h  No P 20 Kg P/ha LSD 
water appl  i ed  - Depth -- and method o f  placement MEAN Main e f f e c t  
added (cont r o l l  Shal l*)w 75 cm) Deep (30 cm) 
--- --
(P-0.05) 
Band Spot Spot 
a )  Phosphorus content  of l e a f  a t  60 days ( k g  P/ha) 
:: s 0.42 0.50 0.44 0.67 
<: D 0.42 0.50 0.50 0.64 
OS5O 0.05' 
0.50 
Mean 0.42 0.50 0.47 0.65 0.08" 
t) .- Phosphorus content  o f  start a t  60 days ( kg  P / i ~ a )  
:: 5 0.28 0.22 0.19 0.31 
.': D 0.22 0.22 0.25 0.42 
Om25 0.06' 
0.28 
Mean 0.25 0.22 0.22 0.36 - 0.06~ 
Phosphorus content  o f  stem a t  harves t  ( k g  ~ / t l a )  
:. s 0.28 0.19 0.14 0.47 
:;D 0.17 0.19 0.22 0.56 Oa2' 0.14' 0.28 
Mean 0.22 0.19 0.19 0.51 - 0.1 9+' 
"Depth water a d d i t i o n  : S = shal low (5 cm); D = deep (30 cm) 
+ LSD f o r  Main e f f e c t  water a d d i t i o n  
++ LSD f o r  Main e f f e c t  water  a d d i t i o n  P f e r t i l i z a t i o n  
111.2.6. Phosphorus uptake 
Placenient of  phosphorus f e r t i l i z e r  a t  30 crn dep th  s i g n i f i c a n t l y  
. ,  
i nc rcascd  the phosphorus c o n t e n t  o f  the  g r a i n  and t h e  above ground p a r t s  
o f  the p l a n t  when compared t o  b o t h  t h c  c o n t r o l  and s h a l l o w  phosphorus 
p l a c e n r n t   able 4 ) .  Even though deep placement o f  phosphorus d i d  n o t  
cause a s i g n i f i c a n t  i nc rease  (over t h e  c o n t r o l )  i n  d r y  m a t t e r  p r o d u c t i o n  
a t  60 d a y s  a f t e r  clnerijerice (Tab le  3b ) ,  t he  phosphorus uptake a t  60 days 
r e s u l t i n g  f r om due11 placement (30 cni) was s i g n i f i c a n t l y  l a r g e r  t h a n  t h a t  
u c c u r r i n g  , i i d r r  s l l a l l ow  placemdnt (Tab lc  4b) .  T h i s  c l e a r l y  i n d i c a t e s  t h a t  
t h e  phosphorus a p p l i e d  a t  t h e  30 cni dep th  was becoming a v a i  l a b l e  f o r  
a b s o ~ ' p t i o ~ l  by the p lanL r o o t s  b e f o r e  60 days a f t e r  emergence were a l s o  
s i g n i f i c a n t l y  increased by t he  phosphorus a p p l i c a t i o n  a t  30 crn depth ,  when 
compared t o  b o t h  the \ h a l l o w  placenlent and c o n t r o l  t r ea tmen t  (Tab le  5 a-d). 
There was o n l y  onc ins tar ice  o f  a s i g n i f i c a n t  i nc rease  due t o  phosphorus 
placei i ient  ~ 3 t  sha l l ow  depth ;  the  phosphol-us c o n t e n t  o f  t h e  l ea f  a t  60 days was 
s i g n i  f i c a n t  l y h i  yher where phosphorus had been banded than where phosphorus 
a p p l i e d  as s p o t  placement a t  5 cm dep th  pl able 5 a ) .  
Thc phosphorus c o n t c n t  o f  t h e  l ea f  was a p p r e c i a b l y  h i g h e r  t han  t h a t  o f  
the  stcni ;lt 60-day ha rves t .  There was l i  t L l e  d i f f e r e n c e  between t h e  tw3 a t  
f i n a l  h a r v e s t  (Table 5 ) .  The changes w i t h  t ime  i n  t h e  phosphorus c o n t e n t s  o f  
t h e  p l a n t  co~nponents ( l eaves  and s ternshere  i n  agreement w i t h  t h e  p r e v i o u s  g row th  
a n a l y s i s  s t u d i e s  by Sheldrake and Narayanan (1979). The t o t a l  phosphorus 
c o n t e n t  o f  t he  p l a n t  increased f rom 0.8 t o  1.4 kg  P/ha between t h e  60 
"a/  slid f i n a l  n ~ r - v e s t  i n  main e f f e c t .  T h i s  i nc rease  was l a r g e l y  due t o  
Table  6 .  F f f e c t  o f  P f e r t i l i ~ 3 t i o n ,  and l 11o i5 t cn inq  t h e  zone o f  P 
f e r t i l i z a t i o n ,  on n l t r o g e n  c o n t e n t  o f  p igeonpea 
a )  N i t r o g e n  c o n t e n t  o f  g r a i n  
b )  T o t a l  N i t r o q e n  con ten t  o f  t h e  d r y  m a t t e r  
a t  60 days af tcsr enterqencr 
c )  Nt roqen c o n t c n t  o f  t h e  t o t a l  d r y  m a t t e r  
; i t  ha rves t  
--- 
P f e r t  i 1 i z a t  ic,n 
Depth No P 20- P/ha LSD 
wa te r  app l  i c d  6 e p t h d n d e x T o f  placement M E A N  M a i n e f f e c t  
added ( c o n t r o l  Shal low ( 5  c11l) Deep (30 cm) (P=0.05) 
Band S p o t  Spot - 
-- 
a) N i t r o q e n  con ten t  o f  q r a i n  \k l /ha)  
:: s 4.61 5.06 5 .84  12.20 6.92 2 - 3 4  0 
:'. D 8.31 7.17 6 .37  9.95 7.95 
Mean 6.48 6.12 6.12 11.09 - 2.09" 
2 )  N i t r o g e n  con ten t  o f  the t o t a l  d r y  rna t te r  a t  h a r v e s t  ( ! : $ h a )  
D e p t h l r a t e r  a d d i l i o n  : S =  s h a l l o w  ( 5  crlr); D =  deep ( 3 0 c m )  
+ LSD f o r  Main e f f e c t  wa te r  a d d i t i o n  
"LSD f o r  Main e f f e c t  P f e r t i l i z a t i o n  
'LSD f o r  Main i n t e r a c t i o n  
Tab le  7 .  E f f c c t  o f  P f e r t i l i z a t i o n  and m o i s t c n i n q  t h e  zone of P 
f e r t i l i z ~ ~ t i o n ,  on n i t r o q e n  c o n t e n t  o f  p igeonpea 
a )  N i t r o q e n  c o n t e n t  o f  l e a f  a t  60 days 
b )  N i t r o g e n  c o n t e n t  o f  steni a t  60 days 
c ?  N i t r o q e n  con ten t  o f  l e a f  a t  h a r v e s t  
d )  N i t r o q e n  c o n t e n t  o f  :;ten\ a t  h a r v e s t  
P f e r t i l i z a t i o n  
"Depth No P 20 Kg  ha LSD 
w a t c r  app l  i c d  Depth and [nethod o f  placement MEAN Main  e f f e c t  
added fcont  r o l )  Sha l l ow  ( 5  cm? Deep (30 cm) 
- 
(P-0. 05) 
Band Spot Snot 
a)  N i t r o p e n  c o n t e n t  o f  l e a f  a t  60& (1.3/11a) 
A s 7.17 8 .48 7.73 9 .45  
$: D 6 . 6 4  7.81 n.51 7.98 
Mean 6.92 8 .15 8 .12 8 .21 
b)  N i t r o g e n  c o n t e n t  o f  stem a t  60 --- days (kg /ha)  
* s 2  .!IS 2.47 1.83 2.25 
:> D 1.92 2.17 2 .42 2.36 
Mean 2.17 2.34 2.11 2 . 3 1  
c )  Ndtr0l:jt.n c o n t e n t  of l e a f  a t  h a r v e s t  (i.! / h a )  
-- -- 
:: s '1.33 3.20 2.37 4.1 I 
.: D 3.61 3.61 4.11 5 . 0 3  
Mea t i  4 .00  3.39 3 . 5 3  4 .56 
d )  Ni t roc l cn  c o n t e n t  of stem a t  h s i - v c s  (,,g/t~a) 
' ' ' ~ c ~ t h  w a t e r  a d d i t i o n  : S = s h a l l o w  (5 cm); D = deep (30 cm) 
+ L S D  For Main e f f e c t  w a t e r  a d d i t i o n  
++ LSD f o r  Main  e f f e c t  P f e r t i l i z a t i o n  
t h e  f o r i l i a t i o n  o f  g r a i n  ( c o n t a i n i n g  0.b4 k g  P/ha) wh ich  i n c r e a s e  r e q u i r e d  
f 
phosphorus up take  m<>itl1y F r o r ~ ~  t h e  s o i  1. Sorile t r a n s l o c a t i o n  f rom leaves 
and $ 5  teiris occur red ,  because l e a f  phosphorus c o n t e n t  decreased f r a n  0.50 
kg P/ha t o  0.27 k g  P/ha. However, o v e r  t h i s  p e r i o d ,  t h e  e x a c t  c o n t r i -  
b u t  i o n  by t r a n s  l o c a t  i o n  f ronl leaves i s n o t  a c c u r a t e l y  known, as e s t i m a t e s  
were n o t  niade f o r  t h c  e x t e n t  o f  l e a f  f d l  I. 
1 1 . 2 . .  N i t r o y e n  c o n t e n t :  
- 
Tile n i t rogen  con t e n t  o f  the p i  yeonpea whole p I a n  t s  and canponcnts 
s h o w d  sinr i  l a r  t r e n d s  t o  those for  p l ~ o s p h o r u s  uptake.  The n i  t r o g e n  c o n t e n t  
was h i y l ~ e r  whcre the phosphorus up take  was h i g h e r  ( ~ a b l e s  5 , 6 ) .  Placement  
o f  pliospi-iorus a t  t h c  30-cm d c p t h  inc reased  t h e  n i  t r q e n  c o n t e n t  o f  the  
whole p l ~ n t s  as w e l l  as t h a t  o f  the g r a i n  when compared t o  s h a l l o w  
p lclce~rien t (Lzdt id . i ~  i.ic l 1 as s p o t  p lscc111cn L) . Add i t i  on o f  phosphorus a t  
s l ~ a l  low d c p t h  d i d  n o t  i n c r e a s e  t h c  n i  t r w j e r i  c o n t e l i t  o f  the  p l a t i t  o v e r  t h a t  
of the c o n t r o l  p l o t .  
A t  60 days a f t e r  emergence, t h e  n i  t r o y e n  c o n t e n t  o f  n e i t h e r  t h e  
lea[  nor the stern were i n f l u e n c e d  by the  p lacement  o f  phosphorus a t  30 cm 
depth.  At  the t i m e  o f  h a r v e s t  the  n i  t r o g e n  c o n t e n t  o f  t h e  l e a f  and stem 
was s i g n i f i c a n t l y  inc reased  i n  sarie c m p a r  i sons wi t h  t h e  p lacement  ~f 
phosphorus a t  30-cni dep th ,  when compared t o  s h a l l o w  p lacement ;  b u t  t h e r e  
was no  s i c j n i f  i c a n t  d i f f e r e n c e  between the  n i t r o g e n  c o n t e n t s  of t h e  s h a l l o w  
p lacement  t r e a t m e n t s  and t h e  c o n t r o l   able 7 ) .  
111.3. DISCUSSION. 
The f i e  I d  exper iment  was conducted t o  i n v e s t i g a t e  whe ther  f e r t i  1 izer 
phosphorus i s  b e s t  u t i l i z e d  when i t  i s  a p p l i e d  a t  d e p t h  i n  t h e  soil, and 
t C o n c e n ~ ~ - a t i o n  o f nutrients i n  p l a n t  components show a d e c l i n e  w i t h  age 
(see append ix  2 6 , t J  3 ) .  
a l s o  t o  determine i f  the mo is tu re  content  i n  the zone o f  placement 
(ebpecia l  ly c lose  t o  the so i  l sur face)  had any e f f e c t  on the phosphorus 
n u t l - i t i o n  o f  pigeonpea. The r e s u l t s  show t h a t  deep placement o f  
pho~phorus  a t  (30-cni depth)  s i g n i f i c a n t l y  increased g r a i n  y i e l d  and d r y  
n u t t e r  y i e l d  a t  harves t  when compared t o  sha l low placement (Table3 ).  
However, the sha l low placement (band and spot placement) o f  phosphorus 
r e s u l t e d  i r ~  very  s i r l i i l a r  r e s u l t s  t o  those f o r  the c o n t r o l  f o r  most o f  
Lhc observat ions  c.g. phosphorus uptake, r ~ i  trocjen uptake, d r y  ma t te r  
p roduc t i on  and g r a i n  y i e l d s  ( ~ a b l e s 3 - 1 ) .  Ahlawat e t  a l  (1975) obta ined 
sotnewhat similar r c b u l t s ,  w i t h  on ly  a sl i ldl l  inc rease i n  y i e l d  f o r  sha l l ow  
place~lierl t , but  s i g n i f i c a n t  and much l a r g e r  increase f o r  deep placement. 
The data  ob la ined i n  t h i s  study thus c l e a r l y  i n d i c a t e d  t h a t  
r+osphorus a p p l i c d t i o n  j u s t  below the s o i l  su r face  was no t  u s e f u l  t o  the 
p o ~ ~ ' r a i n y  season p i  yeonpca crop,  even on a so i  1 t h a t  was o f  very low 
p t ~ ~ ) s ~ ~ t ~ ~ ~ r u s  st , l lus.  Thc I-eason i s  n o t  c l e a r .  Nevertheless the  l ack  of a  
s i g ~ i i f i c a n t  c f  f e c t  u f  rnvistening the zvnc o f  f e r t i l i z e r  a p p l i c a t i o n ,  
e s p e c i a l l y  where t h i s  was i n  the sur face so i  I, shows q u i t e  c l e a r l y  t h a t  
lack of  respor~se o f  pigeonpea t o  p1losphorus:r.a~ n o t  due t o  dryness of t h e  
s u r f  ace so i  1 .  
Tile lack o f  response t o  sur face app l i ed phosphorus may be a  
consequerlce o f  the  deep tap r o o t  system of  pigeonpea. W i  t h  advancement i n  
age of the p l a n t ,  the r o o t s  pene t ra te  deeper i n t o  the  s o i  I. I n  t h i s  
exper iment,  phosphorus f e r t i l i z e r  was app l i ed  15 days a f t e r  emergence of 
t h ~  seed l ings .  For t h i s  15-day pe r i od ,  the r o o t s  a c t u a l l y  i nvo l ved  i n  
phobphurus crl'tahe ni ight have grown deeper than a  5.cm depth  i n  t he  s o i l ,  
thus causi r ig  the zone o f  a c t i v e  r o o t  e x t e r i t i o n  t o  be s i t e d  below t h e  zone 
o f  phosphorus a p p l i c a t i o n .  The marked inc rease  i n  up take  o f  phosphorus 
w i t h i n  6 0  days o f  emergence from the p l o t s  where phosphorus was p laced  a t  
30 an i n d i c a t e s  t h a t  t h e  phosphorus a t  t h i s  d e p t h  was accessab le  t o  r o o t s ,  
whereas the l a c k  o f  uptake from phosphorus p l a c e d  a t  s h a l  low d e p t h  (5 cm) 
shobrs t h a t  t h i  5 phosphorus was n o t  accessable t o  any a p p r e c i a b l e  e x t e n t .  
The e a r l i e r  work o f  S ingh and Prasad (1976) has showed t h a t  long  d u r a t i o n  
pigeonpea takes up much o f  i t s  phosphorus i n  the l a t e  s tages  o f  growth;  
over two- th i  r d s  o f  the phosphorus c o n t e n t  a t  h a r v e s t  (16 kg P/ha) o f  l ong  - 
d u r a t i o n  p i  yeonpea was taken up a f t e r  90 days. The l a r g e  up take  o f  
phosphorus i n  the l a t e r  s tages  o f  t h e  g rowth  would t h e r e f o r e  seem t o  have 
occur red  froni r o o t s  l o c a t e d  deep i n  the  s o i  1 ; i 1 i s  t h e r e f o r e  assumed t h a t  
these were thc o n l y  p a r t  o f  t h e  r o o t  systems t h a t  was a c t i v e l y  t a k i n g  up 
phosphorus. 
l iowever, i t  i s  i n t e r e s t i n g  t o  corrlparc these r e s u l t s  w i t h  those  of 
Nye and F o b t e r  (1961) who s t u d i e d  t h e  phosphorus up take  p a t t e r n s  as  a f f e c t e d  
by the d i s t a n c e  and dep th  o f  phosphorus a p p l i c a t i o n  f o r  maize, p igeonpea 
and r:ii I l e t  p l a n t s .  A l though  Nye and F o s t e r  showed t h a t  t h e  phosphorus was 
taker] up f rom the subsur face  l a y e r s  (below 25 cm), t h i s  up take  c o n t r i b u t e d  
o n l y  about  114 t o  the t o t a l  up take  a t  30 days i n  one year ,  and 22% t o  t h e  
t o t a l  uptake a f t e r  f o u r  months i n  t h e  second year .  The reason why, i n  Nye 
and F o s t e l - ' s  exper iment ,  t h e r e  was n o t  a g r e a t e r  uptake f rom g r e a t e r  dep ths  
i n  the  s o i l  i s  n o t  c l e a r .  But  i t  would appear t o  have been due t o  t h e  f a c t  
t h a t  measuretnents were made o n l y  i n  t h e  e a r l i e r  s tages  of g rowth ,  when 
phobphorus uptake by pigeonpea can be assumed t o  have been sma l l  (See S ingh  
and p r j s a d  1976) and the  r o o t  systeni had n o t  developed a t  depth.  Another  
reason f o r  r e l a t i v e l y  1 i t t l e  phosphorus up take  f r o m  t h e  deeper l a y e r  i n  
Nye and ~ o s t e r ' s  exper iment  m igh t  be t h a t  wa te r  was n o t  a l i m i t i n g  f a c t o r  i n  
t h e i r  ? l o t s  and t ~ l z r e f o r e  the  r o o t i n ?  system miyht  n o t  haye heen ;IS 
f u l l y  developed as under d r i e r  cond i t i ons .  
I n  d iscuss ion  o f  t h e i r  e a r l i e r  work, Nye & Fos te r  (1958) drew 
a t t e n t i o n  t o  the f a c t  t h a t  some p l a n t  species may be more e f f i c i e n t  than 
others i n  ex: ract iny phosphorus from a s o i l ,  by a mechanism independent 
of depth o f  roo t ing .  For example, some p l a n t s  may be a b l e  t o  absorb 
~.>hosphorus f rot11 soi I s  whose phosphate i s  a t  a very low p o t e n t i a l ,  and t o  " 
absorb phosphorus which woula n o t  be a v a i l a b l e  t o  a p l a n t  t h a t  i s  less  
e f f i c i e n t  a t  e : t r a c t i n g  phosphorus f rom the so i  I. 
rxperinlents a t  ICRISAT have shown t h a t  the order  o f  responsiveness 
t o  phosphoru5 was sorghum > m i l l e t  > piyeonpea. I t  may be i n f e r r e d ,  
t h ~ r e f o r t . ,  t h a t  the abi  I i t y  o f  these species t o  s a t i s f y  the i r  phosphorus 
r e q u i ~ c n l c n t  c'in be ranked pigeonpea > mi I l e t  > sorghum. There a r e  a number 
o f  p o \ s i  b l e  d i f f e r e n t  mechanisms: ( i )  F i r s t ,  the amount o f  t o t a l  growth 
(dry  matter- p roduc t ion )  and phosphorus uptake were i n  order  o f  sorghum > 
m i l l e l  > piyeonpea. The d i f f e r e n c e  i n  uptake cou ld  the re fo re  have a r i s e n  
n la in ly  f r m i  the f a c t  t h a t  the so i  1 cou ld  supply on ly  a c e r t a i n  amount of 
phosphorus, and the responsiveness of a species was determYned by i t s  
phosphorus demand f o r  growth (i i ) Second, the  present  experiment shown 
t h a t  the  pos t - ra iny  season pigeonpea responds b e t t e r  t o  phosphorus i f  
t h i s  has been placed a t  depth (30-cm) r a t h e r  than i n  the  su r face  s o i l  
(5-cm). The hypothesis  r a i s e d  by e a r l i e r  workers must be considered; t h a t  Is, 
t h a t  deep e x p l o r a t i o n  o f  the s o i l  p r o f i l e  by r o o t s  may be one of t h e  mechanisms 
b, w i l l c n  p ic le t~nl>ea car1 g row b e t t e r  than  o t h e r  5 p e c i e s  on s o i  IS low i n  
phosphorus.  Yet sorghum respon,ls t o  d p p l  i c a t i o n  o f  phosphorus a t  a 
- ,  
d e p l l i  o f  5 cm; t h e r e f o r e  i t  seeriis p o s s i b l e  t h a t  t h e r e  a r e  d i f f e r e n c e s  
betwcen s p e c i e s  i n  t h e  d e p t h  a t  w h i c h  r o o t s  t a k e  up phosphorus.  I n  
f a c t ,  t h e  l e s s e r  p l iosphorus response  by p iyeonpea  i n  agronomic  response-  
t o - p l ~ o s p l i u r u s  e x p e r i n i c n t s  rimy hdve r e s u l t e d  f r o m  t h e  f a c t  t h a t  t h e  
f c r t i  l i zer  was n o t  p l a c e d  a t  the  o p t i ~ ~ i u r r ~  d e p t h  f o r  phosphorus u p t a k e  
by p i c j e o n p ~ a .  ( i  i i ) t iye arld F o s t e r  (1958)  have r a i s e d  t h e  p o i n t  t h a t  - 
s p e c i e s  d i f f e r  i r l  t he  a b i l i t y  t o  e x t r a c t  phosphorus f r o m  s o i l .  The 
rcontr r l t  o f  ~ v a i  l a b l e  phosphor-us o f  s u b s o i  I s  i s  u s u a l l y  v e r y  low, and 
f o r  e t f e c t i v e  u p t ~ k e  fro111 subso i  1 5 ,  t h e  r o o t s  may have t o  b e  more 
c l  f i c i c n t  a L  c x t r ' i c t i n g  phosphorus t h a n  those  o f  a p l a n t  t h a t  o b t a i n s  
i t s  phosphoru5 f r o m  s u r f a c e  s o i  I .  Thus, i t can be i n f e r r e d  t h a t  deep 
e x p l o r a t i o n  of t h e  p r o f i l e  may be one nechanism by w h i c h  p igeonpea  i s  
liiori. e f f i c i e n t  than  o t h e r  s p e c i e s  a t  g a t h e r i n q  phosphorus.  However, 
l h e r e  i s  a l s o  need t o  c o m p ~ r e ,  a g a i n s t  soryhurn, i t s  a b i  1 i  t y  t o  e x t r a c t  
phosl)horus f r o r ~ i  s o i  1 t o  t e s t  whe ther  i t  i s  a l s o  more e f f i c i e n t  i n  
I-ernoving phosphorus f roni a low phosphorus s t a t u s  s o i  I. 
I V .  GLASS HOUSE EXPERIMENT 
- , To t e s t  t he  suggest ions  t h a t  p i  yeonpea c o u l d  perhaps e x t r a c t  
more phosphorus than sorghuni f r om s o i l  t h a t  had a v e r y  low phosphorus 
s t a t u s ,  i t  was dec ided t o  conduct  a p o t  exper iment  i n  t h e  g l a s s  house 
I t  wa5 decided t o  compare g row th  and uptake o f  phosphorus, by  growing 
these two spec ies  s e p a r a t e l y  i n  a l i m i t e d  vo1ur:e o f  s o i  I; t h e  l a t t e r  
wds ainied a t  ensu r i ng  t h a t  t he  p l a n t  demand on the  s o i  1 phosphorus 
s u p p l i e s  would be g r e a t ;  a d d i t i o n a l l y  i t  was dec ided t o  v a r y  t h e  
p o p u l a t i o n s  i n  t l1 .2  p o t s ,  so  t h a t  v a r i a b l e  demands would be p laced  
on s o i l  P s u p p l i e s  by each spec ies .  By a l s o  examin ing t h e  response 
t o  phosphorus f e r t i l i z e r ,  t h e  a b i l i t y  o f  t h e  two spec ies  t o  s a t i s f y  
t h c i r  phosphorus requ i rements  c o u l d  bc eva lua ted .  
An exper inierlt was t h e r e f o r e  under taken t o  observe t h e  uptake 
o f  phosphorus anddr,rnat ter  p r o d u c t i o n  i n  t h e  e a r l y  s tages  o f  g r o w t h  
(up to  40 days a f  t c r  eniergence o f  t he  seed l i rigs) b o t h  i n  p igeonpea and 
sorghum, wi t h  and w i  t h o u t  phosphorus addi  t i on ,  and w i t h  a range o f  
p o p u l ~ t  i ons  i n  t he  po ts .  
I V .  I .  M a t e r i a l s  and methods: 
A b u l k  sample o f  s o i l  was c o l l e c t e d  f rom t h e  0-15 cm d e p t h  f rom 
the  f i e l d  c o n t a i n i n g  the  f i e l d  exper iment  ( R A ~ ) .  The sandy loam s o i l  
was l i g h t l y  yr-ound t o  pass a 2 mm s ieve.  P o t s  o f  1 l i t r e  c a p a c i t y  were 
f i l l e d  w i t h  1.00 kg o f  the  b u l k  sample o f  s o i l ;  t h e  p o t s  used were 
5 1 ~ 1 1  p l a s t i c  buckets  w i t h  a d ra inage  h o l e  a t  t h e  bottom. 
I V .  GLASS HOUSE EXPERIMENT 
. To t e s t  t he  suggest ions  t h a t  p i  yeonpea c o u l d  perhaps e x t r a c t  
more phosphorus than soryhuril f r om s o i  1 t h a t  had a  v e r y  low phosphorus 
L L a t u s ,  i t uas dec ided t o  conduct  a p o t  exper iment  i n  t h e  g l a s s  house. 
I t  was decided t o  compare g row th  and uptake o f  phosphorus, by  growing 
these two spec ies  s e p a r a t e l y  i n  a  l i r n i  t ed  volur le o f  s o i  1 ;  t h e  l a t t e r  
was aimed a t  ensu r i ng  t h a t  t he  p l a n t  deniand on the  s o i l  phosphorus 
s u p p l i e s  would be g r e a t ;  a d d i t i o n a l l y  i t  was dec ided t o  v a r y  t h e  
popu la t i o r l s  i n  t he  p o t s ,  so  t h a t  v a r i a b l e  demands would be p l a c e d  
on s o i l  P s u p p l i e s  by each spec ies .  By a l s o  examining t h e  response 
t o  phosphorus f e r t i  l i z e r ,  t he  a b i l i t y  o f  t h e  two spec ies  t o  s a t i s f y  
t h e i  r phosphorus requ i  rernents c o u l d  be cva l ua  ted.  
An exper iment  was t h e r e f o r e  under taken t o  observe t h e  uptake 
of phosphorus and d r /  m a t t e r  p r o d u c t i o n  i n  t h e  e a r l y  s tages o f  g r o w t h  
( u p t o  40 days a f t e r  eniergence o f  t h e  s e e d l i n g s )  b o t h  i n  p igeonpea and 
sorghum, w i t h  anti w i t h o u t  phosphorus a d d i t i o n ,  and w i t h  a  range  of 
p o p u l a t i o n s  i n  t h e  po ts .  
I V .  I .  M a t e r i a l s  and methods: 
A b u l k  sample o f  s o i l  was c o l l e c t e d  f rom t h e  0-15 cm d e p t h  fran 
the  f i e l d  c o n t a i n i n g  t h e  f i e l d  exper iment  (RA2). The sandy loam s o i l  
was l i g h t l y  yround t o  pass a  2 mm s ieve.  P o t s  of 1 l i t r e  c a p a c i t y  were 
f i l l e d  w i t h  1.00 kg o f  t h e  b u l k  sa~np le  o f  s o i l ;  t h e  p o t s  used were 
s l ~ l  l p l a s t i c  buckets  w i t h  a  d ra inage  h o l e  a t  t h e  bottom. 
The t reatments imposed f o r  d u p l i c a t e  exper iments on sorghum 
and p,i geonpea were: 
Phosphorus f e r t i l i z e r  (2 )  : N i l ,  and 20 ppm P added (w/W s o i l )  
Popu la t ions  ( 3 )  : Sorghum 2 , 5 , 1 2  p l a n t s / p o t  
Pigeonpea 4,10,25 p l a n t s / p o t  
A f a c t o r i a l  design ( 2  f e r t i l i z e r  l e v e l s  x 3 p o p u l a t i o n  d e n s i t i e s )  was used 
fo r  e a c h  species w i t h  5 r e p i i c a t i o n s ;  the  po ts  were arranged i n  randomized 
- 
b locks .  These two groups o f  po ts  were designed t o  be harves ted a t  40 days 
a f t e r  emergence. An a d d i t i o n a l  s e t  o f  po ts  were s e t  up t o  p r o v i d e  an 
addi t i o r i a l  harvest  f o r  sorghum a t  20 days a f t e r  emergence o f  the seed l ings ,  
Thc c a r r i e r  f o r  phosphorus was sodium d i  hydrogen phosphate, wh ich  
W J ~  dpp l i ed  t o  the s o i l  as  an aqueous s o l u t i o n  w i t h  thorough m ix ing  p r i o r  
t o  f i 1 l i n g  po ls .  Watcr was simi l a r l y  rnixed w i t h  the  c o n t r o l  pots.  
Pi<,eonpea and sorghum were s m n  on 6 t h  and 14th  March 1980, respec t i ve l y .  
PiL]eonpca was t rea ted  w i t h  Rhizobium c u l t u r e ,  and 50 ppm o f  n i t r o g e n  
(app l i ed  4s urea) was a p p l i e d  t o  the sorghum. Emergence was observed 
on 14th and 20 th  March f o r  pigeonpea and sorghum r e s p e c t i v e l y ;  the  
popu la t i ons  were then th inned t o  the des i red  numher o f  p l a n t s  pe r  pot .  
Deionized water was app l i ed  d a i l y  t o  compensate f o r  l oss  o f  mo is tu re  by 
evapo t ransp i ra t i on .  The above ground p o r t i o n s  o f  p l a n t s  were harves ted 
a t  20 and 40 days fo r  sorghum, and a t  40 days f o r  pigeonpea. The p l a n t  
t i  ssue was d r i e d ,  weighed, and ground. Analyses f o r  n i t r o g e n  and 
phosphorus were made us ing the methods descr ibed e a r l i e r .  
I V . 2 .  RESULTS 
IV.2.1. - D r y  m a t t e r  p r o d u c t i o n :  
The d r y  ~ l l a t t e r  p r o d u c t i o n  o f  s ~ r j l i u r n  a t  20 and 40 days and a t  a l l  
p o p u l a t i o n s  was n ~ a r k e d l y  and was s i g r l i f i c a n t l y  inc reased  (2 f -5  f o l d )  by 
the  a p p l i c a t i o n  o f  phosphorus t o  t h e  s o i l  ( T a b l e  8 a,b) .  I t  a l s o  
inc reased  w i t h  i n c r e a s e  i n  p o p u l a t i o n .  A t  b o t h  h a r v e s t s ,  t h e  percen tage  
inc rease  i t 1  d r y  w t t e r  p r o d u c t i o n  over  t h e  c o n t r o l  was g r e a t e r  a t  lower  
k 
p l a n t  p o p u l a t i o n s  than  a t  h i g h e r  p l a n t  p o p u l a t i o n s .  I n  c o n t r a s t ,  
pigconpea d r y  n e t t c r  p r o d u c t i o n  d i d  n o t  inc reasc  s i g n i f i c a n t l y  w i t h  
ptloc,phorus app l  i c a l i o n  (Table 8 c )  . 
1 V . I . L .  N u t r i e n t  up take  
Uptake of  phosphorus by sorghum a t  20 days and 40 days a f t e r  
clllel-gence was markedly  (3a -7  f o l d )  inc reased  by the  f e r t i l i z e r  phosphorus 
, ~ p p l  i cLi t i o n  (T< ib lc  9). Phosphoru., dptL jhc a l s o  i n c r e a s e d  w i t h  i n c r e a s e  i n  
popu I J  i ion.  Upt< lke of  p h o ~ p l i o r u s  by p i  yeot~pea was s i g n i  f i c a n t  l y inc reased  
by the  a d d i t i o n  o f  phosphorus f e r t i  l i r c r ,  b u t  t h e  magni tude o f  t h e  i n c r e a s e  
was o n l y  u ~ ~ l  l ( 3 0 4 ) .
N i t r o g e n  up take  was a l s o  s i g n i f i c a n t l y  i n f l u e n c e d  by  phosphorus 
a p p l i c a t i o n  t o  sorghum. I J i  t r o y e n  up take  by p igeonpea was s i g n i f i c a n t l y  
inc reased  by an i n c r e a s e  i n  p l a n t  p o p u l a t i o n  b u t  n o t  by a d d i t i o n  o f  
phosphorus f e r t  i l i z c r  (Tab le  10). The c o n c e n t r a t  i o n  o f  n i  t r o g e n  i n  sorghum 
a t  20 days was s i g n i f i c a n t l y  inc reased  by  phosphorus a p p l i c a t i o n  and 
inc reased  p l a n t  p o p u l a t i o n ,  whereas a t  40 days i t  i n c r e a s e d  o n l y  a s  a  
r e s u l t  o f  f e r t i l i z e r  a p p l i c a t i o n  (see append ix  4 ar~d a ,  
f 
Tab le  8. E f f e c t  o f  P  f e r t i l i z a t i o n  , ~ n d  d i f ' f r r e n t  p l a n t  p o p u l a t i o n s  on: 
s )  Drymat te r  p r o d u c t i o n  ol- sorqhurn a t  20 days a f t e r  emergence 
b )  Drymat te r  p r o d u c t i o n  o f  sorclhun~ a t  40 days a f t e r  emergence 
- c )  Dry m a t t e r  p r o d u c t i o n  o f  piyeonpea a t  40 days a f t e r  emergence 
P f e r t  i 1  i z a t  i o n  LSD 
P o p u l a t i o n  No. P a p p l i e d  P a p p l i e d  MEAN Main e f f e c t  
( ~ l a n t s / p o t )  ( c o n t r o l  ) 20 ppni (P=0.05) \ 
a )  Drymat te r  p r o d u c t i o n  o f  sorghum a t  20 days a f t e r  emergence ( g / ~ o t )  
b)  D r y n ~ a t t c r r o o d u t  i o n  o f  sorqht1111 ' l t  d ~ y s  a f t e r  emergence (g /po t )  
c )  Dry~r: t t e r  p r o d u c t  i o n  f o  p iqcon lwa  40 day5 a f t e r  emergence (g /po t )  
4 1.24 1 .hj  I .34 
10 2 . 3 9  2 .39 2 . 3 9  0.58' 
2 5 3 .94 2 . 8 3  3 .39  
Mean 2.52 2.71 0.47" 
+ L S D  (P = 0.05) f o r  Main e f f e c t  o f  p o p u l a t i o n  
'LSD (P = 0 .05)  f o r  }.lain e f f e c t  o f  P f e r t i l i z a t i o n  
'LSD ( P  = 0.05) f o r  i n t e r a c t i o n  
tFor result- on ?er o l a n t  b a s i s ,  see B;,~XJIX b. 
Table 10: E f f e c t  o f  P f e r t i l i z a t i o n  ancl d i f f e r e n t  p l a n t  popu la t ions  on: 
a) N i  t rogcn  content  o f  sorgliu~n , ~ t  20 days 
s f  t e r  emergence 
, 
- b) N i t rogen  con ten t  o f  sorclhuni a t  40 days 
a f t e r  emergence 
c )  N i t rogen  con ten t  o f  pir~eonpea a t  40 days 
a f t e r  enlergence 
-. 
-.- 
P f e r t i l  i z a t i o n  ' LSD 
Popu la t ion  No P a p p l i e d  P a p p l m  M FAN Main e f f e c t  
( ~ l a n t s / ~ o t )  ( c o n t r o l )  20 PPm ( P = o . o ~ )  
a)  N i t roqen  con ten t  o f  sorghum a t  20 tlays a f t e r  emergence ( m g / ~ o t )  
-- -- 
b )  N i  t roqcn  con ten t  o f  sorghum a t  40 day<, a f t e r  emergence (mg/pot) 
---- 
c )  N i t ro t l cn  con ten t  o f  pigconpea a t  110 d , ~ y s  a f t e r  emerqence (mg/pot) 
- .-.-------- 
67.38 66.04 Mean - 
t LSD (P = 0.05) f o r  Main e f f e c t  o f  pop i11 ,~ t ion  
++LSD (P = 0.05) f o r  Main e f f e c t  o f  P f e r t i l i z a t i o n  
OLSD (P  - 0.05) f o r  i n t e r a c t i o n  
X 
F u r  ~ . e i u l i s  on per ~ l a i l t  b a s i s  see a p p e i ~ d i x  d .  
1 V . 3 .  Discussion 
The r e s u l t s  c l e a r l y  show t h a t  phosphorus f e r t i l i z a t i o n  increased 
so-rghurn d r y  matter  p roduct ion  by 2 4 - 5  f o l d ,  but n o t  t h a t  o f  pigeonpea. 
The phosphorus ~ p t d k e  by sorghum increased (31-6 f o l d )  as a r e s u l t  o f  
phosphorus f e r t i  l i z a t i o n ,  whereas t h i s  caused on ly  a smal l increase i n  
uptake o f  phosphorus by pigeonpea. I n  a d d i t i o n ,  pigeonpea growth d i d  no t  
re5pond t o  pho~phoru5 f e r t i  l i z a t i o n .  The growth o f  pigeonpea wl t h  and 
a l s o  w i thou t  added phosphorus was alrnosL the same as t h a t  o f  phosphorus- 
f e r t i l i ~ e d  sorghum, and these were several  f o l d  greater  than the  growth 
o f  u n f e r t i l i ~ e d  sorghum. Phosphorus uptake by u n f e r t i l i z e d  pigeonpea 
was on l y  l i t t l e  less  than t h a t  o f  sorghum a t  40 days w i t h  phosphorus 
a p p l i c a t i o n ,  bu t  7 - 1 4  f o l d  y rea te r  than tha t  o f  u n f e r t i l i ~ e d  sorghum. 
Tlie5c r e s u l t s  c l e a r l y  show pigeoripes was much more e f f i c i e n t  than 
sorgt~uni a t  e x l r a c t  i ny phosphorus f rorn a so i  1 t ha t  was very low i n  phosphorus. 
P i  georipea cou ld  not  on l y  e x t r a c t  i~ luch lilore phosphorus f rom u n f e r t i  l i zed 
s o i l  but t h i s  amount appeared t o  be s u f f i c i e n t  t o  s a t i s f y  i t s  phosphorus 
requ i renien t f o r  norma 1 growth. 
V. CONCLUDING DISCUSSION 
The f i e l d  exper iment  r e s u l t s  c l e a r l y  showed t h a t  deep (30 cm) 
p lacernent 'o f  phosphorus increased g r a i n  y i e l d ,  d r y  mat te r  p r o d u c t i o n  and 
- 
phosphorus uptake o f  pigeonpea. The increased g rowth  as a  r e s u l t  o f  deep 
placement was o n l y  apparent  d u r i n g  the l a t e r  p e r i o d  o f  g rowth  of t h e  
pigeonpea c rop  t h a t  i s ,  between the 60 day harves t  and t h e  f i n a l  ha rves t .  
These b e n e f i c i a l  e f f e c t s  o f  deep placement were i n  genera l  agreement w i t h  
p r e v i o u s  work, b u t  i t  was somewhat s u r p r i s i n g  t h a t  t h e r e  was no  response 
whatsoever conipared t o  the c o n t r o l  o r  t o  phosphorus p laced  a t  sha l  low depth. 
Most p rev ious  work has i n v o l v e d  r e l a t i v e l y  sha l low placement. 
The response t o  placement o f  phosphorus a t  t h e  30 cm dep th  would 
appear t o  have been a  consequence o f  the deep t a p  r o o t i n g  system o f  pigeonpea. 
I t  would 5ee1n t h a t  a t  sha l low depth,  t h e r e  was r e l a t i v e l y  l i t t l e  b ranch ing  
and d e v e l o p ~ ~ i e n t  o f  new r o o t s  w i t h  t h e  a b i l i t y  t o  absorb phosphorus, and 
t h a t  a c t i v e  u p t < ~ k e  occur red  o n l y  by the new rooLs assoc ia ted  w i t h  e x t e n s i o n  
o f  the r o o t  system. I n  t h i s  p r e s e n t  work sonic excava t ion  o f  r o o t  systems 
were n~ade a t  the tiri le o f  m a t u r i t y  o f  the p l a n t s ;  these showed t h e  presence of 
r o o t s  t o  as deep as 40 cm b u t  no c l e a r  ev idence c o u l d  be ob ta ined  t o  
i n d i c a t e  whelher t h e r e  was a  g r e a t e r  r o o t  d c n s i t y  i n  t h e  v i c i n i t y  o f  t h e  
s i t e  o f  f e r t i l i z e r  a p p l i c a t i o n ;  however, ve ry  few r o o t s  were d e t e c t e d  i n  t h e  
su r face  s o i l  (0-10 cn~) .  
The f i n d i n g  t h a t  m o i s t u r e  r e l a t i o n s  d i d  n o t  i n f l u e n c e  t h e  
e f f i c i e n c y  o f  t h e  use o f  phosphorus f e r t i l i z e r  i s  o f  c o n s i d e r a b l e  i n t e r e s t  
and importance. For some t i m e  t h e r e  has been c o n s i d e r a b l e  i n t e r e s t  I n  the  
e f f e c t s  of m o i s t u r e  c o n t e n t  o f  s u r f a c e  s o i  1s on t h e  a v a i l a b i l i t y  o f  
phosphorus. 
The add i  t i o n a l  e x p e r i  rnent conducted i n  t l i e  g l a s s  house c l e a r l y  
3howcd t h d t ,  i n  a d d i t i o n  t o  i t s  a b i l i t y  t o  o b t a i n  phosphorus by  r o o t  
intercept i o n ,  p igconpea was lnuch illore c f f  i c i e n t  than  sorghum a t  e x t r a c t i n g  
- 
phosphorus f r o m  a s o i l  t h a t  :,as a v e r y  low c o n t e n t  o f  a v a i l a b l e  phosphorus. 
When t h e  r e s u l t s  o f  t h e  f i e l d  ,.nd y  ldsshc~usc  c x p e r i  ments a r e  c o n s i d e r e d  
t o g e t h e r ,  i t  can be conc luded  t h a t  t i l e  pigeonpea p l a n t  o b v i o u s l y  possesses 
two ~ ~ l e c l i a n i s l i ~ s  t h a t  a s s i s t  i t  t o  grow b e t t e r  than sorghum on s o i  I s  t h a t  a r e  
r e l a t i v e l y  low i n  a v a i l a b l e  phosphorus:  the,e a r e  t h e  a b i l i t y  t o  o b t a i n  
phosphorus f rom deep i n  t h e  s o i l ,  ~ n d  a b i l i t y  t o  o b t a i n  more phosphorus 
than  soryhun~ f r o m  s o i  I s  low i n  phosp l~orus .  
Hobrevcr, sonie c a u t i o n  i s  r e q u i r e d  i n  t h e  i n t e r p r e t a t i o n  and 
use o f  the r e  u l t s .  I n  t h e  f i e l d  exper iment  t h e  y i e l d s  were v e r y  low 
dux t o  poor  g rowth  o f  the c rop ,  n u i n l y  because o f  v e r y  l a t e  p l a n t i n y  
i r~ the  p o s t  r a i n y  5eason. A l  t l iouyh deep p laccment  (30-cm) inc reased  
y i e l d 5  III~II h e d l y  - f rom 180 t o  320 ky/h;l - thehe y i e l d s  were sma l l .  I t  
i s  d c . h i r , ~ b l e  t o  r e p e a t  t h i s  t y p e  o f  exper iment  i n  t h e  k h a r i f  season, 
wl~erl  y  i~ I d s  dnd tlcn~and f o r  phosphorus wi  l l be much g r e a t e r .  Addi t i o n a l l  y, 
bec !use deep p l a c e ~ ~ r e n t  has g i v e n  a b e n e f i c i a l  e f f e c t ,  i t  s l i ou ld  n o t  be 
i n f e r r e d  t h a t  p l a c c l ~ l e n t  a t  such a d e p t h  i s  advocated f o r  g e n e r a l  
p r a c t i c e .  The airn o f  t h e  p r e s e n t  s tudy  wa5 t o  improve o u r  u n d e r s t a n d i n g  
o f  the  way i n  w h i c h  p igeonpea can grow e f f i c i e n t l y  i n  s o i l s  o f  l ow 
phosphorus s t 2  t u s .  
U s e f u l  p o s i t i v e  e v i d e n c e  has been p r o v i d e d  by t h e  r e s u l t s .  The 
Pu lse  Program a t  ICRISAT has f o r  some t i m e  i n v e s t i g a t e d  t h e  n u t r i t i o n  
o f  p iyeonpea,  and deduced t h a t  l a c k  o f  responses t o  phosphorus were 
p r o b a b l y  due t o  i t s  a b i l i t y  t o  f o r a g e  f o r  n u t r i e n t s  a t  d e p t h  i n  t h e  s o i l .  
But ,  v e r i f i c a t i o n  was h i n d e r e d  by t h e  d i f f i c u l t y  o f  f i n d i n g  s i t e s  w i t h  
b u f f  i c i e r i t  l y  low phosphorus s t a t u s  t h a t  p h o ~ p l r ~ r u s  was l irni  t i n g  f o r  
p i l leo~ipca.  Th i  s wa5 needed t o  4 l l o w  lueasurcli ient o f  g r o w t h  and phosphorus 
u p t a k c  r c s p o n i e s .  The s i t e  used i n  t h i s  s t u d y  was e x t r e r ~ i e l y  low i n  
a v d i  l ~ L l e  phosphorus - i t  c o r i t a i r ~ e d  0.1 ppm i n  t h e  0-30 crn d e p t h  o r  
o n l y  ~ l ) o u t  0.2 hq av'ai l a b l c  pliosphor-11s 1)er h t ! c t a r e  30 cm. Tlje p o s i t i v e  
r e s u l t s  obtct  i ned corrf i r-ni t h e  need t o  u:.c ex t rc r l i e l  y phospl iorus d e f i c i e n t  
< . c ) i  I l o r  i r i v e s t  i g a t i n g  t h e  phosphorus n u t r  i t iorr o f  p igeonpea.  A s c ~ i  I
w i t h  stuiie I r i s t c l r y  o f  phosphorus f e r t i  l i z d t i o n  limy n o t  be adequa te ,  as  
t h i i  p l a n t  i s  vcr),  - y f i c i c , n t  ? t  ~ 1 : ) t a i l l i r ~  ~ . ~ c ~ , , i , l o r u s   fro^', t h e  s o i  I .  
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V I .  SUMMARY & CONCLUS l ONS 
Experiments were i n i t i a t e d  i n  the  f i e l d  and glasshouse t o  
- 
i n v e s t i g a t e  the e f f e c t  o f  placement o f  phosphorus a t  depth  i n  t he  s o i l ,  
and t o  determine i f  the  su i  l ~ t m i s t u r e  regime o f  t h e  zone o f  f e r t i l i z e r  
placenlent p layed an impor tant  r o l e  i n  the n u t r i t i o n  o f  pigeonpea. 
Prcv ious  work had i n d i c a t e d  t h a t  pigeonpea may r e q u i r e  r e  l a t i  v e l  y  
l i t t l e  f e r t i l i z e r  phosphorus, even on s o i l s  o f  low phosphorus s ta tus ;  
- 
the present  study represented an a t tempt  t o  c l a r i f y  the mechanisms 
responb i b l e .  
The r e s u l t s  ob ta ined,  i n  a late-sown p o s t r a i n y  season f i e l d  
exper iment w i t h  the  medium-duration C - l l  v a r i e t y ,  showed t h a t  phosphorus 
p laced deep i n  the s o i l  (30 cm) caused a s i g n i f i c a n t  increase i n  y i e l d ,  
t o t a l  d r y  mat ter  p roduc t i on ,  and phosphorus uptake when compared t o  t he  
c o n t r o l  t r ea t~ r l en t .  Thcre was no response t o  phosphorus f e r t i l i z e r  p laced 
a t  , I la l low depth  (5 cm). Mo is ten ing  the  f e r t i l i z e r  zone d i d  n o t  r e s u l t  
i n  any in iprovenrnt  i n  response. There was t h e r e f o r e  no evidence i n  favor  
of t he  e a r l i e r  hypothes is  t h a t  suggested t h a t  l a c k  o f  m o i s t u r e  i n  t he  
sur face s o i l  was a f a c t o r  caus ing a lack  o f  response by pigeonpea t o  . 
p l~osp l~o rus .  Instecld, i t  i s  now p o s t u l a t e d  t h a t  the  deep tap r o o t i n g  
bysten) o f  pigeonpea may favo r  uptake o f  phosphorus f rom deep i n  t h e  s o l  l 
(e.g. 30 crn) because the  uptake o f  phosphorus occurs  ma in l y  by new r o o t s  
w l ~ i c h  a r e  locate.! deeper i n  t he  s o i l  w i t h  i nc reas ing  age of t h e  p l a n t .  
An a d d i t i o n a l  exper iment was conducted i n  t h e  glasshouse t o  
compare the  a b i l i t y  o f  pigeonpea and sorghum t o  absorb phosphorus f rom 
s o i l  o f  ve ry  low phosphorus s t a t u s .  The r e s u l t s  c o n f i r m  t h a t  p igeonpea 
i s  more e f f i c i e n t  than sorghu~n a t  e x t r a c t i n g  phosphorus f r o m  a low 
phosphorus s t a t u s  s o i l .  The re fo re  i t  i s  suggested t h a t  t h e  r o o t  
systeni  o f  pigeonpea may be much inore e f f i c i e n t  a t  abso rb ing  phosphorus 
fro111 subsoi  1s than t h a t  o f  sorghum. 
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APPLNDI X. 1 
. % e t e r o l o g i c a l  inFormation du r ing  t h e  p e r i o d  of  expe r imen ta t i on  
Weeks M can  Mean Mean M e an  M e an  
dfter weekly weekly weekly weekly weekly 
emergence r a i n f a l l  maximum minimum humidi ty humidi ty  
(mm ) t.21:; OC t e m p  OC: 0714 hr  f o r  week 
1414 h r s  
* l i g h t  (3 .2  ~ m )  fur row i r r i g a t i o n s w e r e  g iven  i n  t h e s e  weeks. 
'q~oend i x. 2. Mean n u t r  i cn t cnnccri t r a  t i ons o f  p igeonpea 
p l a n t  t i 5sue  d t  GO d d y s  a f t e r  en~rcjence? 
a )  Phos!ihorus concell t r a t  i on  (4) i n  lea f  
b)  Phosphorus concen t ra t ion  ( 2 )  i n  stem 
c )  N i  trogen 'oncentrat ion (4) i n  leaf  
d )  N i  trocjerl concen t ra t ion  ( 4 )  i n  stern 
--- - A- 
D e p t n  No P Uep th  and I ettioa of placement 
wd t e r  a p p l  i ed  - ~ h ,  I luw ( J  cm) Deep (33 cm) 
added ( c o n t r o l )  Barlcl Spot Spot 
a )  Phuspl~orus concentra t  ion (;,,) i 11 I ca f  
-~ 
;: s 0.24 0 .23 0.23 0.29 
: D 0.24 0.24 0.25 0.34 
b )  Phosphorus concentrat  ion (.") i n  sten) 
-
c )  ,t i t ,-oqen concen t ra t ion  (;) i n  I c d f  
:: s 4.1  4 . 1  4.0 4.2 
,'; 4 . 1  4.0 4.1 4.2 
J )  N&roqen concen t ra t ion  i n  sterr1 
;': s 1.7 1 .7  1.3 
1 . G  1.5 1.6 
': Depth ~ ~ a t e r -  a d d i t i o n  : 5 .- SIIJ 1 low ( !I cm) ; D = Decp (30 cm) 
Appendix. j. Mean n u t r i e n t  concen t ra t  i on  o f  pigeonpea 
p l a n t  t i b s u e  a t  the  t i n l ~  of harvest. '  
Phosphorus c o n c e n t r a t i o n  i n  l e a f  
Phosphorus c o n c e n t r a t i o n  i n  stem 
Phosphorus c o n c e n t r a t i o n  i n  g r a i n  
N i t r ogen  c o n c e n t r a t i o n  i n  l e a f  
Ni t royen  c o n c e n t r a t i o n  i n  stem 
N i t r ogen  concen t ra t i on  i n  g r a i n .  
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
P  f e r t i  l i z a t i o n  
:';Depth NO P  
water app l  i i?d 
added ( c o n t r o l )  
20 Kg P/ha 
Depth and met hod o f  p  l acemen t 
Shsl low ( 5  cm) Deep (30 cm) 
Band Spot Spot 
a )  Phosphorus c o n c e n t r a t i o n  (2,) i n  l e a f  
.'. 0.18 0.16 
:; 0 0.15 O. 1G 
b )  Phosphorus co r i cen t ra t  i on  i n  5tem 
$ 5 0.18 0.13 0.12 
,': 0.09 U. I1 0.15 
c )  Phosphorus c o n c e n t r a t i o n  (;") i n  g r a i n  
+; 0.34 0.32 0.32 
:': D 0.31 - .  ' 6.34 0.35 
d) N i t r ogen  c o n c e n t r a t i o n  (6)i n  l e a f  
:'. 'j 2.9 2.5 2.6 
A 0 2.6 2.7 2.7 
e) N i t r oqen  c o n c e n t r a t i o n  (x) i n  stem 
:: s 1.7 1 . 4  1.3 
:; 0 1 . 1  1.3 1.5 
f )  N i t r o g e n  c o n c e n t r a t i o n  (%)  i n  g r a i n  
>'< s 3.5 3.3 3.3 
: D 3.4 3.5  3.6 
" D e p t h w a t e r a d d i t i o n :  S = S h a l l o ~ r ( j c m ) ;  D = Deep (3Ocm) 
+ Data not  analysed s t a t i s t i c a l l y .  
Appendix., 4, E f f e c t  o f  P f e r l i  1 i z a t i o r l  alltl d i f f e r m l t  p l a n t  p o p u l a t i o n s  On: 
a)  Phosphorus c o n ~ e n t r ~ ~ i u n  ( 6 )  o f  sorghum a t  20 clay\ a f t e r  
emergence. 
b) Phosphorus c o n c c n t r d l i o n  (4) o f  sorghum a t  110 day, a f t e r  
emergence. 
c )  Phosphorus conccn t ra t  i o n  ;%) o f  p i  yeoni ea a t  40 days 
a f t e r  emergence. 
P f e r t i l i z a t i o n  LSD 
P o p u l a t i o n  No P a p p l i e d  P app l  i ed  MEAN Main e f f e c t  
( ~ l a n t s / p o t )  ( c o n t r o l )  20 ppni (P-0.05) 
a )  Phosphorus c o n c e n t r a t i o n  (%) - o f  sorghum a t  20 days a f t e r  emergence. - 
Mean 0.06 0.11 - 0 . 0 1 ~  
b )  Phosphorus c o n c e n t r a t i o n  ( % )  o f  sorghurn a t  40 days a f t e r  emergence. 
2 0.09 0.11 0.1 t 
5 0.08 0.11 0.1 0.01 
12 0.06 0. 10 0.08 
tt 
Meb n 0.07 0.11 - 0.01 
c )  Phosphorus c o n c e n t r a t i o n  (L) o f  piyeonpea a t  40 days a f t e r  emergence. 
4 0.17 0.22 0.20 
10 0.11 0.20 0.16 0.02+ 
2 5 0.15 0. I 9  0.17 
Mean 0.14 -.21 - 0 . 0 2 ~ ~  
t LSD ( P  = 0.05) f o r  Main e f f e c t  o f  p o p u l a t i o n  
tt LSD (P = 0.05) f o r  Main e f f e c t  o f  P f e r t i l i z a t i o n .  
Appendix. 5. E f f e c t  o f  P  f e r t i l i z a t i o n  and d i f f e r e n t  p l a n t  p o p u l a t i o n  on: 
a) N i t rogen  concen t ra t  i o n  (%) o f  sorghum a t  20 days 
a f t e r  emergence. 
b) N i t r o g e n  concen t ra t  i on  ( Y )  o f  sorhyum a t  40 days 
a f t e r  emergence. 
c)  N i t r o g e n  concen t ra t  i o n  ( X )  o f  pigeonpea s t  40 days 
a f t e r  emergence. 
LSD 
Popu la t ion  t4oP a p p l i e d  P  a p p l i e d  Main e f f e c t  
( P l a n t ~ / ~ o t )  ( c o n t r o l  ) 20 PPm MEAN (P-0.05) - 
a)  N i t rogen  concen t ra t  i o n  ( 4 )  o f  sorghuni a t  20 days a f t e r  emergence. 
2 3.18 2.49 2 - 8 3  
5 2.80 2.11 2.45 0.30' 
12 2-39 1.78 2.09 
Mean 2.78 2.13 0.24" 
b) N i  t royen  concent r a t  i o n  (x) o f  sorghum a t  40 days a f t e r  emergence. 
2 I  .91 0.98 1.45 
I, I r, 86 1 .03 1.48 0.22' 
i 2 1.71 0.78 I .25 
c )  N i . r o y e n  c o n c e n t r a t i o n  ( Z )  o f  pigeonpea a t  40 days a f t e r  emergence. 
1. 2.63 3.21 2.77 
10 2.32 3.21 2.77 - 
25 2.79 2.62 2.70 
t LSD (P = 0.05) f o r  Main e f f e c t  o f  p o p u l a t i o n  
tt LSD ( P  = 0.05) f o r  Main e f f e c t  o f  P  f e r t i l i z a t i o n .  
E f f e c t  o f  P f e r t i l i z a t i o n  and d i f f e r e n t  p l a n t  popu la t i ons  on: 
a)  Dry mat ter  p roduc t i on  of  soryhunl a t  ZO days a f t e r  emergence. 
b)  Dry mat ter  p roduc t i on  o f  sorynunl a t  40 days a f t e r  emeryence. 
c )  Dry ~ l k j t t e r  p roduc t i on  of  p i  yeonpea a t  40 days a f t e r  emergence 
P f e r t i  l i r a t i o n  
Popu la t i on  No. P a p p l i e d  P app l i ed  
( P  l an t s /po t )  ( c o n t r o l )  20 ppm MEAN 
----------------------.--..-------------------------------------------- 
Drymatter p roduc t i on  o f  sorghum a t  20  d ~ y s  a f te r  emergence ( g / p l a n t )  
5) k n l a t t e r  - produc t i on  o f  so rqhu~~ i  a t  40 ddyr, a t  t e r  emergence ( g / p l a n t )  
- - 
Mean 0.17 0.112 - 
c )  DI-ylndtter p r o d u c t i o n  of pigeonpea a t  40 days a f t e r  emergence ( g l p l a n t )  --
1) 0.3 1 0.36 0.34 
1 U 0.24 0.24 0.24 
2; 0.16 0.11 0.14 
t t f e c t  of P f e r t i l i z d t i o n  and J i f t e r e ~ i t  p l a n t  p o p u l a t i o n s  on: 
I Phosptiol u ,  c o n t e n t  o f  5orcjhuiii ;it 20 days d t t c r  enleryence 
L )  P t ~ u ~ p h o ~  cl5 i o n t e n t  o f  ~IJI-~JIIUII~ '11 40 days a f t e r  emergence 
c )  Phosphorus c o t l t e n ~  o f  ~ p i g e o n p c ~  a t  40 day5 a f t e r  emeryence 
-------------------------------------------------------------------. 
P f e r t i l i z a t i o n  
Pop11 15 I i uri 146 P dpp l i c d  P a p p l i e d  
( P l a n t i / p o t )  ( c o n t r o l )  21) ppnl M t  AlJ 
- - - - - _ - - _ _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  
a )  Ptio5l1troru~ conter1t o f  joryhuril a t  20 dg-L ,  a f t e r  erneryence rng lp lan t )  
Mean 0.04 0.24 
b)  P i ~ o ~ ~ ~ t i o l - i l s  --.-- con tcr l  t of - - s o r y h u ~ l ~  d t 4 0 2 5  a f L ~ I .  erilelycnce l a n t )  
.---- -
c )  Eo&rus co l r tent  o f  - .  pigeonpc,~ a t  40 ddys d f t e r  enleryence ( r n y / p l a n t ~  
APPENDIX  6. 
E f f e c t  o f  P f e r t i l i z a t i o n  and d i f f e r e n t  p l a n t  popu la t i o r l s  on: 
a )  Iii t r oqen  c o n t e n t  o f  sorghum a t  2 0  days a f t e r  elnergence 
b )  Ni t r oyen  con ten t  o f  soryhur~i  a t  40 days a f t e r  emergence 
c )  N i t r o g e n  conter i t  o f  pigeonpea a t  40 days a f t e r  emergence. 
P f e r t i l i z a t i o n  
-- 
p o p u l a t i o n  loflap$ i c d  P a p p l i e d  
(P  l a n t ~ / ~ o t )  ( c o n t r o l )  20 ppln MEAN 
........................................................................ 
a )  N i t r o g e n  con ten t  o f  sorghum a t  20 days a f t e r  emeryence ( m g / ~ l a n t )  
Mean 
N i  t r o y e n  c o n t e n t  --- o f  sorghum a t  40 days a f t e r  emeryence (mg /p lan tL  
Mea 11 
N i  t r oyen  c o n t e n t  o f  pigeonpea a t  40 days - a f t e r  emergence (mg/plant)  
